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COMPARISON OF PROTEINS IN HYDATID FLUID AND SERUM 


BY MEANS OF ELECTROPHORESIS 


CHAUNCEY G. GOODCHILD 


Department of Biology, Emory University, Atlanta, Georgia 


and 


IRVING G. KAGAn 


U. S. Department of Health, Education and Welfare, Public Health Service, 
Communicable Disease Center, Atlanta, Georgia 


Similarities between hydatid fluid and se- 
rum have been reported by several workers. 
(1923) 


and human serum and hydatid fluids. He re- 


Mazzacco chemically analyzed bovine 
ported similarities between respective hydatid 
fluid and host serum with regard to glucose, 
sodium chloride, urea N, creatine, non-protein 
N, and noted proteins were present in hydatid 
fluid but in reduced amounts as compared with 
serum. Fléssner (1924) analyzed fluid from one 
human hydatid cyst, but did not detect pro- 
tein even in small amounts; however, he noted 
a depression of the freezing point of hydatid 
fluid equivalent to that of serum caused by high 
concentrations of salts, glycogen, betain, and 
succinie and lactie acids. Carbone and Loren- 
zetti (1957), on the other hand, reported 17.3 
to 227 mg protein per 100 ml hydatid fluid re- 
covered from 93 cysts from the lungs and liver 
of man, sheep, and cattle. Pozzi and Pirosky 
(1953) precipitated protein from hydatid fluid 
with saturated sodium chloride and identified, 
by chromatographic analysis, 16 amino acids in 
the protein hydrolysates. Horowitz-Wlassowa 
(1926) reported that “cloudy” hydatid fluid 
contained traces of albumin. Codounis and Poly- 
doridés (1936) detected albumin (0.08 to 1.20 g 
per liter) in hydatid fluid from man; further- 
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more, these workers stated that hydatid and 
cerebrospinal fluids have constituents in nearly 
Magath (1959) 
tionated two hydatid fluids from man electro- 


identical proportions. frac- 
phoretically and reported in one 7.5 mg protein 
per 100 ml fluid of which 44 pereent was al- 
bumin, 39 percent was alpha and beta globulins, 
and 17 percent was gamma globulin. 

That host proteins can penetrate the mem- 
branes of the hydatid cyst may be evidenced by 
the work of Cameron and Staveley (1957) who 
reported that cyst fluid contained specifie anti-P 
Staveley and Cameron 
(1958) found that hydatid fluid exhibited inhibi- 
tion with two anti-Tj* sera and one anti-P 


inhibiting substances. 


serum which was prepared by absorbing an 


anti-Tj* serum with P-negative red cells. Re- 
(Kagan et al, 
1960) have shown that hydatid fluid and other 
cystic antigens have components in common with 


sults of agar diffusion studies 


antigens of host tissues; for example Echinococ- 


cus hydatid antigens produce agar antigen- 
antibody bands with antisera prepared against 
normal liver tissue. 

In the present study hydatid fluid from cysts 
of Echinococcus granulosus and EF. multilocularis 
obtained from man and various animals, and 
sera from uninfected hosts, were analyzed by 
paper and starch electrophoresis to compare 
the mobilities of protein fractions in the two 
types of fluids. Micro-Kjeldahl determinations 
were also made on all hydatid fluids to de- 
termine amounts of nitrogen and differences 
between fluids of the two species in five hosts 
used in the study. 


175 
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MATERIALS AND METHODS 


Hydatid fluids of E. granulosus from naturally 
infected pigs, cows, moose, and human beings, and 
of E. multilocularis from experimentally infected 
cotton rats were analyzed electrophoretically. Prior 
to analysis, hydatid fluids of E. granulosus were 
pervaporated, freeze-dried, and reconstituted with 
water to yield a final produce 60 to 100 times as 
concentrated as the original material. 

All hydatid fluids and sera were analyzed with 
a Spinco Model R paper electrophoresis apparatus. 
Ten microliters of hydatid fluid or serum were 
applied to paper strips which were then subjected 
to 2.5 ma of current for 20 hours in an air-condi- 
tioned room, at a temperature of approximately 
23 C. A veronal buffer (0.015 M diethyl barbituric 
acid plus 0.075 M diethyl barbiturate), 
pH 8.6, ionic strength 0.075, was used. Papers were 
125 C for 30 minutes, fixed in 
stained with 0.1 
absolute methanol. 


sodium 


dried in an oven at 
methanol percent 
blue in Stained 
strips were rinsed through several changes of 5 


absolute and 


bromphenol 


percent acetic acid and dried at 125 C. 
After intensifying the color with 
fumes, strips were placed in a Spinco Analytrol 
and the patterns of proteins in serum and hydatid 
fluid traced successively on the same graph paper. 


ammonia 


The paper strips were then superimposed on the 
graphed patterns and the principal fractions sub 
The 
beta, and gamma globu 


divided by inspection, percentages of al- 


bumin, alpha-1, alpha-2, 
lins were caleulated by counting the number of 
saw-teeth on the integrating lines of the Analytrol 
patterns, (Block, et al, 1958). 

Hydatid fluids from the cow, hog, and cotton 
rat, and normal serum from these hosts were also 
analyzed by starch electrophoresis. The technique 
was used. Hydrolyzed 

Connaught Medical 
Research Laboratories, Toronto, Canada, and the 
printed with buffer 
preparation of the starch gel were followed. Two 


deseribed by Smithies (1955) 


starch was purchased from 


instructions regard to and 
gels approximately 3 x 20 » 
buffer of 0.02 M 
hydroxide were run simultaneously in 
mold 10x 0.5 baffled plexiglass 
which held approximately one liter of buffer each 
and which were provided with platinum electrodes 
were used to support the mold. Approximately 0.1 


0.5 em prepared with 


borie acid and 0.009 M sodium 
a plexiglass 
em. Two boxes 


ml of material to be analyzed was transferred to a 
piece of filter paper and inserted in the starch. 
Electrophoresis was carried out at 4 C for 7 to 8 
hours with a potential of 400 volts and 7 to 10 ma. 
At the completion of the run the gel was cut along 
its length in a horizontal plane and stained with a 
saturated solution of Amido-Black 10B in meth 
anol-distilled water and glacial acetic acid (5:5:1). 
Stained gels were stored in the same solvent. 

Nitrogen values for hydatid fluid 
tained by a micro-Kjeldahl method (Kabat and 
Mayer, 1948); these determined on 
uneconeentrated or slightly concentrated (20x) 
fluids, and were converted to nitrogen in 100 ml of 
unconcentrated fluid. 


were ob- 


values were 


PARASITOLOGY 
EXPERIMENTAL RESULTS 
Inspection of figures 1, 2, and 3 for cotton 
rat, bovine, and hog hytadid fluids and sera 
the 
bilities of protein components in hydatid fluid 
Although the 


nature of protein components in hydatid fluid 


reveals striking similarities between mo- 


and serum of the host species. 
has not yet been verified, identical mobilities of 
protein fractions in hydatid fluid and serum 
leads us to believe that the hydatid fluid com- 
ponents may be albumin and globulins. In the 
analysis of our results protein fractions in 
hydatid fluid will, therefore, be referred to in 
this qualified fashion. 

Albumin occurs in greatest percentage in 
hydatid fluid and serum, but in reduced amounts 


in the former. For example, there is 5 times 


as much albumin in hog serum as in hydatid 


fluid concentrated 100 times by pervaporation; 
thus, serum has 500 times as much albumin as 
unaltered hydatid fluid. Approximately 3 times 
as much albumin is present in bovine serum as 
in hydatid fluid concentrated 60 times (a dif 
ference of 180 times between unaltered hydatid 
fluid the 
only 2.5 much albumin is 


and serum); whereas in cotton rat 
» times as 
the 


E. multilocularis. 


present im 
serum as in unaltered hydatid fluid of 

Inspection of figure 1 reveals that the rela 
tive percentage of alpha-2 globulin in uncon- 
centrated hydatid fluid from the cotton rat is 
approximately one-half that in serum, whereas 
other globulin components have approximately 
the 
percentage of 
hydatid fluid 


proximately twice that of serum. In figure 3 


same percentage values. In figure 2 the 


alpha-l globulin for bovine 


(concentrated 60 times) is ap- 
percentages of both alpha-l1 and gamma globu 
lin, for porcine hydatid fluid (concentrated 
100 times). are approximately twice that of the 
serum. Except for gamma globulin, in poreine 
hydatid fluid, increases in hydatid fluid globu- 
lins are generally limited to the alpha frae- 
tions. 

In figure 4 are shown results obtained with 
starch electrophoresis. This technique, using a 
buffer 
of different pu and ionic strength, and a differ- 
the 
strips, yielded mobilities of the various frac- 
fluid 


those found with paper. As in the paper strip 


starch gel rather than papér, a borate 


ent stain, from those used with paper 


tions in serum and hydatid identical to 
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multilocularis (unconcentrated ) 


with serum from an uninfected host by paper electrophoresis. 


method, albumin (to the 


right) is the 
dominant component in both serum and hydatid 
fluid. Again, as on paper, the alpha and beta 
globulin fractions of hydatid fluids are promi- 
nently stained in starch-gel 


strips. Gamma 


globulins are somewhat falsely represented 


since they were more intensely stained in the 
original starch block than is depicted in the 
illustrations. In general it can be stated that 


pre- 


the same distribution and the same qualitative 
intensity of various components were revealed 
with stareh electrophoresis as were found with 
paper. 

An unexpected finding was the absence of 


albumin in patterns of and human 


hydatid fluids, each concentrated 20 times. How 


moose 


ever, in the former, gamma and perhaps beta 


globulins were evident; and in hydatid fluid 


PAPER ELECTROPHORESIS OF BOVINE SERUM AND CONCENTRATED 
(60x) HYDATID FLUID FROM CYSTS IN INFECTED BOVIDAE f\ 
| 
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Comparison of hydatid fluid of HE. granulosus (concentrated 60 x) 
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with 


serum from an uninfected host by paper electrophoresis. 
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from man slight traces of gamma globulin were 
revealed. 

Nitrogen values of unconeentrated or per- 
hydatid fluids the 
micro-K jeldah] method, and converted to mg per 


vaporated determined by 
100 ml of uneconcentrated hydatid fluid from 
the various host species, were as follows: cot- 


ton rat, 540 mg; hog, 34 mg; bovine, 7 mg; 
moose, 21 mg; and man, 29 mg. These data in 
dicate why excellent results were obtained with 
hydatid fluid of E. 
cotton rat, and 
vaporation for EF. 

from the other hosts, in which total nitrogen 


unconcentrated multi- 


locularis from the why per- 


was required granulosus, 
1 { 


contents were low. 


work mentioned in the introduction of this 
paper and by the fact that with two different 
experimental procedures used in the present 
study equivalent results were obtained. 

It is known that perieystic membranes of 
the hydatid cyst are permeable to substances in 
host tissues. Schwabe (1959) found that the ger- 
minal and laminated membranes are permeable 
to water and non-electrolytic solutions. An active 
exchange of materials between parasite and host 
is evident from immunological and chemical 
data. As mentioned before, agar diffusion studies 
hydatid 


fluid and other cyst antigens with those in host- 


have shown common components in 


tissue antigens (Kagan et al, 1960) and experi- 


PAPER ELECTROPHORESIS OF HOG SERUM AND CONCENTRATED 
(100 x) HYDATID FLUID FROM CYSTS IN INFECTED HOGS 
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FIGURE 3. Pig: 


Comparison of hydatid fluid of £. 


granulosus (concentrated 100x) with 


serum from an uninfected host by paper electrophoresis. 


DISCUSSION 


Although it has been implied in this work 
that proteins in hydatid fluid and serum have 
components in common; nevertheless, we are 
aware that similar mobilities are not a guaran- 
tee that the fractions are, indeed, identical. In 
fact, Savel (1955) reported that the perienteric 
fluid of 
live as,an adult in 


Ascaris lumbricoides, which does not 
intimate contact with host 


blood, has proteins which have electrophoretic 


mobilities equivalent to those of serum albumin 
and globulins. This finding gives credence to a 
contrary concept that parasites possess pro- 
teins not identical with host proteins, yet have 
similar electrophoretic mobilities. Still the be- 
lief that hydatid fluids do possess proteins 
identical to those of host serum is supported by 


ments utilizing the Ouchterlony technique have 
identified host liver components in Echinococ- 
cus antigens (Kagan and Norman, unpublished). 

The differences, observed in our study, in 
composition of various hydatid fluids from dif- 
ferent hosts with regard to protein concentra- 
tion confirm the observations of previous work- 
hydatid fluid 
concentrations of host proteins in serological 


ers. The use of containing 


reactions lead to non-specific reactions 
(Bensted Atkinson, 1958; 
1960). The relative serological activity reported 
by early workers (Hiles, 1926) for fluids ob- 
tained from various host species has also been 


may 


and Kagan, et al, 


confirmed. Cotton rat, bovine, moose, and hu- 
man hydatid fluids are all less active than hog 
hydatid fluid in hemagglutination and floceula- 
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SERU™ 


HYDATID FLUID 


FIGURE 4. 
feeted host by starch electrophoresis. 


tion tests (unpublished results). Magath (1959) 
claimed that the antigen activity of human 
hydatid fluid resided in the gamma globulin 
fraction but was not gamma globulin. It is of 
interest that concentrated hog hydatid fluid has 
the highest gamma globulin content of the hyda- 
tid fluids studied and is also the most active 
antigen in the group. 

hydatid fluids 
from the moose and man is unexplained, but 


The absenee of albumin in 


may indicate that these fluids were not suf- 
ficiently concentrated. The appearance of paper 
strips for both of these fluids resembles analy- 
ses of more dilute hog hydatid fluid. Limited 
amounts of the human and moose material made 
further concentration impossible. 

An interesting difference between FE. granu- 
losus and FE. multilocularis was revealed by elec- 


trophoresis and nitrogen determinations. Pre- 


liminary runs failed to produce usable paper 
strips with any normal hydatid fluids of FE. 
granulosus. Although it was evident that some 
proteins were present, the faintly stained frac- 
tions yielded poor densitometric patterns. Only 


after concentration pervaporation were satis- 
factory intensities obtained. This concentration 
was not required, however, for fluids of E. 
multilocularis recovered from cotton rats, since 
strips prepared from unconcentrated fluids gave 
usuable densitometric tracings. Nitrogen values 
revealed the magnitude of this difference. EF. 


COTTON RAT 


BOVINE 


Comparison of cotton rat, bovine, and hog hydatid fluid with serum from an unin 


from 13 to 77 
is presumed 


multilocularis eysts contain 
times as much nitrogen, and it 
(from the Analytrol patterns) a corresponding 
increase in contained proteins, than do cysts of 
E. granulosus. This inerease may indicate a dif- 
ference in the permeability of the cyst wall in 
the two species. Morphologically the unilocular 
cyst wall of EL. granulosus is composed, of a thick 
adventitious layer of fibrous tissue of host ori- 
thick 


gin, consisting of “(1) an outer friable, lami- 


gin, and two layers of parasitie ori- 
nated, milky-opaque, non-nucleated layer, and 
(Faust 


and Russell, 1957); the multilocular eyst wall, 


(2) an inner nucleated germinal layer” 


on the other hand, possesses the fibrous layer of 
host origin, but is deficient in the production of 
the outer hyalin layer of parasitic origin (Faust 
and Russell, loc. cit.). If the hyalin layer ae- 
tually controls permeability these differences 
could explain the observed variation in hydatid 
fluids from the two species. 


SUMMARY 


Hydatid fluid from eysts of Echinococcus 
granulosus collected from moose, hogs, cattle, 
and man, and fluid from eysts of FE. multilocu- 
laris obtained from experimental infections in 
cotton rats were analyzed by paper and starch 
electrophoresis, In addition, sera from unin- 
feeted hosts were analyzed for comparison. An- 
alyses revealed striking similarities in paper 
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and starch electrophoretic patterns of proteins 


in hydatid fluid and serum from three host spe- 
cies studied; it is presumed that serum albumin 
and serum globulins oceur in hydatid fluid, but 
in greatly reduced quantities from amounts in 
serum. Micro-Kjeldah! determinations revealed 
from 13 to 77 times as much nitrogen in hydatid 
fluid of E. multilocularis as in E. 
This difference suggests a permeability differ- 


granulosus. 


ence in the cyst wall of the two species. 
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HOST-PARASITE RELATIONSHIPS IN ECHINOCOCCOSIS.  V. 
HISTOCHEMICAL OBSERVATIONS ON ECHINOCOCCUS GRANULOSUS* 


ARAXIE KILEJIAN, Lewis A. SCHINAZI AND CALVIN W. SCHWABE 


Department of Tropical Health, Schools of Public Health and Medicine, 
American University of Beirut, Beirut, Lebanon 


Despite the medical and veterinary impor- 


tance of Echinococcus granulosus comparatively 


little is known of its physiology. All but a few 


larval 
determinations 


limited to the 
chemical 


observations have been 
While 
have been made on hydatid cyst fluid, on hyda- 
hydatid wall 


histochemical observations have 


stage. various 


tid scolices and on the 
(HCW), 
been reported. Cameron (1923) and Cameron 
and Fitzpatrick (1925) studied the distribution 


of fat, glycogen, and several inorganie sub- 


cyst 
few 


stances in frozen sections of the HCW, but they 
were unable to discern nuclei in the germinal 
membrane. Although Coutelen (1931, 1938) re- 
ported not only nuclei but distinct cells in the 
germinal membrane, Cmelik and Briski (1953) 
were not able to demonstrate desoxyribosenu- 
cleic acid (DNA) in the HCW by chemical 
means. 

In the present study histochemical observa- 
tions were made on the distribution of glycogen, 
acid and alkaline phosphatases, and DNA in 
both the larval and adult stages of FE. granu- 


losus. 


MATERIALS AND METHODS 


Biological Material 


Adult £. granulosus were obtained from the 
intestines of both experimentally infected and 
naturally infected dogs. The worms were scraped 
with the intestinal mucosa into tap water and trans- 
ferred through several additional changes of water 
with a Pasteur pipette. The clean, relaxed worms 
were subsequently fixed as required for the appro- 
priate histochemical determinations. 

Larval tissues were obtained from fertile, ap- 
parently healthy, bovine hydatid cysts, as described 
previously (Schwabe, 1959; Farhan et al, 1959). 
Histochemical Methods 

Flat preparations of germinal membrane were 
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and 


made after first fixing and washing the HCW. 
Small pieces of membrane were peeled from the 
inner surface of the HCW, mounted directly on 
glass slides, dried quickly at room temperature 
and immediately carried through the staining pro- 
cedures. Sections of paraffin-embedded tissues were 
cut at 7 microns. 

For the study of alkaline and acid phosphatases, 
materials were fixed in 80 percent alcohol and ab- 
solute acetone, respectively, dehydrated through 
alcohols and acetone, and cleared in petroleum 
ether. These procedures were performed at 5 C. 
The cleared tissues were carried through two 
chaages of paraffin, 15 minutes each, at 56 to 58 C, 
the second under partial vacuum. Sections were 
dried at room temperature for 24 hours. The his 
tochemical caleium-cobalt method of Gomori (Glick, 
1949) was followed for alkaline phosphatase and the 
lead method of (1952) for acid phos- 
phatase. The final pu of the alkaline substrate was 
9.2+1, that of the acid substrate 5.0+1. Control 
preparations for both phosphatases were run by 
placing slides face down over boiling water for 10 
minutes and also by incubating sections in sub- 
strate mixtures in which the glycerophcsphate had 
been replaced by distilled water. 

To study the distribution of glycogen, tissues 
fixed at 5 C in aleohol-formalin (absolute 
and 40 percent formaldehyde, 9:1) or 
Carnoy’s fixative and stained by the periodic acid 
Schiff (PAS) method (Lillie, 1954). Control see 
tions were digested in several changes of saliva 
for 1 hour at room temperature. The Feulgen re 
action (Lillie, 1954) 
localization of DNA. 

Appropriate positive controls 

each instance. 


Gomori 


were 
aleohol 


was used to determine the 


were run in 


RESULTS 

The Distribution of Alkaline and 
Acid Phosphatases 

Paraffin sections of the adult tapeworm were 
incubated in alkaline phosphatase medium for 
0.5, 2, and 4 hours. Intense alkaline enzyme 
activity was observed in the cuticle after 30 
minutes’ incubation. Longer incubation resulted 
in the extension of the reaction to both the sub- 
cuticular muscle fibers and subcuticular cells. All 


of the reproductive organs gave a negative re- 
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action. In some gravid proglottids, however, the 
nuclei of mature ova gave a slight positive re- 
action after 4 hours’ incubation, while a few ova 
showed an intense positive reaction (plate I, 
fig. 1). It is possible that the embryonic mem- 
brane was stained rather than the hexacanth 
embryo in the latter case. Sections of the adult 
worms did not show acid phosphatase activity. 
Attempts to demonstrate alkaline or acid 
phosphatases in paraffin sections of the germinal 
membrane, the laminated membrane, or the 
seolices were unsuccessful. Flat preparations of 
germinal membrane hydrated after fixation and 
mounted on slides also gave negative results 
when incubated for short periods. However, 
when the incubation time was prolonged to 18 
to 22 hours, seolices remaining attached to the 
germinal membrane showed a positive reaction 
for both acid and alkaline phosphatases in the 
area around their suckers (plate I, fig. 2). In 
addition, some positive areas of acid phosphatase 
activity appeared on the germinal membrane 
(plate I, fig. 3). The “caleareous corpuscles” of 
the germinal membrane showed a positive reac- 
tion both in the experimental and control sec- 
tions although the intensity of the reaction 
varied in different corpuscies (plate I, fig. 4). 


The Distribution of Glycogen and Other 
PAS-Positive Material 


In the HCW, the laminated membrane gave 
a very strong PAS reaction which was not ex- 
hand, the 
germinal membrane, both in cross-sections and 


tractable by saliva, On the other 
in flat preparations, showed glycogen (saliva- 
extractable, PAS-positive material) in globules 
and in irregular patches of various sizes, The 
distribution was so variable that it was not pos- 
sible to relate the glycogen to any identifiable 
5). After saliva 
PAS-positive 
materials remained on the germinal membrane 
(plate IT, fig. 6). 

In sections of brood capsules, the paren- 


cellular elements (plate IT, fig. 


treatment minute amounts of 


chyma of healthy scolices, the muscles of their 
of the 
showed heavy deposits of glycogen (plate II, 
fig. 7). After saliva treatment the cuticle of the 
seolices remained PAS-positive, particularly in 


suckers and the wall brood capsule 


the area at the base of the hooklets. A positive 
reaction after saliva treatment was also shown 


by small, apparently degenerated scolices, as 


well as by the fixed brood-capsule fluid (plate 


II, fig. 8). 

There was marked variation in the amount 
of glycogen present in adult worms collected 
from different dogs, although worms collected 
from the same host showed approximately equal 
amounts. The observations which follow were 
on worms with fairly large amounts of glycogen. 

Throughout the entire adult worm, the ares 
from the cuticle to the base of the subeuticular 
cells contained small amounts of glycogen dis- 
persed in fine droplets, while heavy deposits 
were present in the adjacent medullary paren- 
chyma. The scolex contained moderate amounts 
of glycogen with heavy deposits occurring in the 
suckers, especially at the bases of the radial 
museles (plate III, fig. 9). 
glottids, the primordia of the reproductive or- 


In immature pro- 


gans did not show glycogen although the sur- 
rounding parenchyma was marked by heavy 
deposits. The testes in the mature proglottids, 
ovaries, and Mehlis’ glands gave negative reac- 
tions for glycogen, whereas the vitelline glands 
appeared to contain moderate amounts (plate 
III, fig. 10). Small amounts of glycogen were 
visible within the cirrus sae and the terminal 
coiled portion of the sperm duct. After saliva 
treatment the walls of the ootype, the vagina, 
the seminal receptacle, the sperm duct and cirrus 
PAS-positive 


amount of extracellular glycogen was seen in 


sac gave a reaction. A small 
those uteri which contained immature ova. Dif- 
ferentiated ova that had not yet formed a com- 
plete shell showed very little glycogen, while 
the mature ova in the gravid uterus contained 
considerable amounts as well as some additional 
PAS-positive material (plate ITI, figs. 11, 12). 
Some PAS-positive material not extractable by 
saliva was also observed in the muscle fibers of 
the suckers and proglottids. 


The Distribution of Desoxyribosenucleic Acid 


The laminated membrane of the HCW gave 
a negative Feulgen reaction, while all the nuclei 
of the DNA 
granules. Three types of nuclei were observed 
Most of 


these were vesicular, 2 to 4.2 microns in diam- 


germinal membrane contained 


on the germinal membrane (fig. 1). 


eter, and each contained only a few Feulgen- 
(a). The 


which occurred together were limited to certain 


positive granulets other two types 
pieces of membrane only. Some were 2.5 to 5 
microns in diameter and packed with DNA (b). 


The others were oval, contained seattered DNA 





KILEJIAN ET AL 


granules and measured 9 to 12 microns in length 
and 4.5 to 7 microns in width (c). Despite the 
large size of the latter nuclei no mitotic figures 
were observed. The nucleoli of all nuclei, which 
were very conspicuous when membranes were 
stained with hematoxylin-eosin, were Feulgen- 
negative. 

None of the large nuclei were observed in 
sections of seolices and brood capsule mem- 
branes. Most of the nuclei in these latter tissues 
were of the small vesicular type although some 
were of the small type rich in DNA. The nuclei 
of the adult did not differ in shape or DNA 
those of the Both the 


small vesicular and the campact types were 


content from seolices, 


widely distributed in the parenchyma and in 


FIGURE 1. 
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dicating that either it contains minute amounts 
of glyeogen or none at all. Cameron (1923) and 
Cameron and Fitzpatrick (1925) previously had 
reported glycogen from both membranes. 
Agosin et al (1957), using chemical and 
electrophoretic methods, found hydatid scolices 
to contain, in addition to glycogen, a_poly- 
saccharide composed presumably of glucosamine 
and galactose. In the present study, heavy de- 
posits of glycogen were demonstrated histo- 
chemically in the parenchyma of scolices. Pos- 
sible sources of the second polysaccharide could 
be the cuticle of the scolices, the fluid of intact 
brood capsules or some apparently degenerated 
seolices, all of which gave a PAS-positive reac- 


tion after saliva treatment. 


Flat preparation of germinal membrane showing the distribution of DNA in thre« 


types of nuclei; small vesicular (a), small compact (b), and large vesicular (¢). Feulgen. x 430. 


various organs. The nuclei of the organ prim- 
ordia and immature ova were rich in DNA. In 
addition, some Feulgen-positive wavy threads 
and granules were observed in the seminal re- 
ceptacle and in the sperm duct. 
DISCUSSION 

Glycogen is apparently an important poly- 
saccharide in both larval and adult cestodes. The 
HCW, like the 
parenchyma of other larval cestodes which have 


germinal membrane of the 
been studied, contains glycogen deposits. The 
laminated membrane, on the other hand, shows 
no difference in the intensity of the PAS reac- 
tion before and after saliva treatment, thus in- 


As in Raillietina cesticillus and Hymenole pis 
diminuta (Hedrick and Daugherty, 1957) the 
heaviest deposits of glycogen in adult EF. granu- 
losus oceur in the medullary parenchyma. The 
vitelline glands of all these species contain 
moderate amounts of glycogen, but unlike Rail- 
lietina and Hymenolepis the spermatozoa in the 
seminal receptacle of E. granulosus are devoid 
of glycogen. It is interesting to note that with 
the maturation of the ova their glycogen content 
increases, and some additional PAS-positive ma- 
terial also is stored. Like Raillietina cesticillus, 
FE. granulosus differs from Hymenolepis dimin- 
uta. in having PAS-positive material other than 


glycogen in the musculature and in the walls of 
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the male and female sperm ducts. 
Whereas the germinal 
HCW and the larval seolices showed only very 


membrane of the 
slight acid and alkaline phosphatase activity 
(which did not survive the dehydration and em- 
bedding processes), the adult scolex and proglot- 
tids showed intense alkaline phosphatase activ- 
ity. This change in enzyme activity may indicate 
a change in physiological requirements with 
change of stage. A similar change in the phos- 
phatase system has been reported from other 
cestodes. Pennoit-DeCooman and van Grem- 
bergen (1947) have reported only acid phos- 
phatase activity in the cysticereus of Taenia 
pisiformis and only alkaline phosphatase in the 
adult. Erasmus (1957a), however, studying the 
phosphatase system of the same tapeworm, has 
shown that this changeover from acid to alkaline 
phosphatase is not absolute but that there is a 
change in the predominant phosphatase. Alka- 
line phosphatase activity was observed prin- 
cipally in the cuticle of the adult EF. granulosus. 
A similar cuticular reaction has been reported 
in Monieza exrpansa (Rogers, 1947; Erasmus, 
1957b), Taenia pisiformis (Erasmus, 1957a), 
and in several species of Acanthocephala (Bul- 
lock, 1949, 1958), which, like tapeworms, lack 
an alimentary canal. In such worms, nutrients 
pass through an alkaline phosphatase-rich cu- 


ticle. Ascaris, however, possesses this enzyme 


in its intestinal wall but not in its cuticle (Bul- 
lock, 1949). The site of phosphatase activity in 
helminths, as in higher animals, has led to the 
conclusion by many workers that it is associated 
with the active absorption of metabolites. 
Cmelik and Briski (1953), studying the pro- 
tein fraction of the HCW, reported the absence 
of DNA. In the present study, all of the nuclei 
of the germinal membrane were shown to con- 
tain some DNA. The negative chemical results 
are not surprising if one considers the minute 
amounts of DNA seen on the germinal mem- 
brane and bears in mind that the germinal mem- 
brane itself is only a small portion of the com- 
plete cyst wall. The occurrence of groups of 
large nuclei and compact DNA-rich nuclei only 
in certain areas of the germinal membrane sug- 
gests germinal centers from which brood cap- 
sules may arise. Little work appears to have 
been done on the DNA of tapeworms. In the 
adult Echinococcus, as might be expected, the 
highest concentration of DNA was present in 
actively multiplying tissues such as the organ 


yrimordia and the developing ova. 
Ln) 


SUMMARY 


The adult Echinococcus granulosus stored 
large amounts of glycogen in the parenchyma 
and lesser quantities in the vitelline glands and 
ova, while all the reproductive organs were free 
of glycogen. In the hydatid cyst, the larval sco- 
lices and the germinal membrane showed heavy 
deposits of glycogen, but the laminated mem- 
brane gave a negative reaction. 

Strong alkaline phosphatase activity was 
present in the cuticle of the adult worm, but no 
acid enzyme could be demonstrated. The larval 
scolices contained minute amounts of both acid 
and alkaline phosphatase and the germinal 
membrane small amounts of only the acid en- 


The 


tive reaction for both enzymes. 


zyme, laminated membrane gave a nega- 

The germinal membrane showed three types 
of nuclei with different amounts of DNA. Nu- 
clei similar in morphology and Feulgen reaction 
to two of these types were present in the scolices 


and in the adult worm. 
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RESEARCH NOTE 


THE TRANSMISSION OF RABBIT FIBROMAS BY NEMATODES. 

It has been shown that the larvae of the nematode Nippostrongylus muris are capable of 
opening the portal of entry in the skin for rabbit papilloma virus, but failures were noted in 
the case of Shope’s fibroma virus (Rendtorff and Wilcox, 1957, J. Inf. Dis. 100: 119-123). 
Dalmat observed a similar phenomena in that he was unable to transmit fibroma virus to rabbits 
by allowing the insects Aedes aegypti and Rhodnius prolixus to bite through virus-moistened 
skin, but papillomatosis was effectively transmitted by the same means (Dalmat, 1958, J. Exp. 
Med. 108: 9-20). In a new series of studies the larvae of N. muris and of Strongyloides ratti 
were capable of opening the portal of entry for rabbit fibroma virus when mixtures of worms 
were applied to the skin. 

The methods used already reported (see reference above) consisted in concentrating 
washed nematode iarvae, adding these to a suspension of the virus, impregnating gauze pads 
with this mixture, and applying the pads for 1 hour to the unbroken skin of anesthetized 
domestic rabbits. Controls consisting of larvae alone or virus alone have given uniformly nega- 
tive results. Typical fibromas have now been produced in rabbits by the use of doses of 10,000 
to 30,000 larvae of both species. These fibromas produce typical lesions on subpassage, and the 
rabbits in which they develop prove resistant to a challenge dose of virus. 

In a series of four rabbits the ability of varying doses of N. muris were tested. One rabbit 
was exposed to doses of 10, 100, 1,000, and 10,000 larvae in a 5 percent virus suspension. 
Fibromas developed in the areas where 10, 1,000, and 10,000 larvae were deposited, but not in 
the area where 100 larvae were deposited. Fibromas were producd in another rabbit with doses 
of 100 but not 10 larvae. Two rabbits with doses varying from a single larva to 50 larvae 
failed to develop lesions. 

In three experiments N. muris larvae were placed in a 20 percent fibroma virus suspension 
and incubated at 36 C for 2 hours. The larvae were washed and injected into rats. At appro 
priate time intervals the larvae were collected from the lungs of the rats; adult worms were 
collected from the gut; or eggs were cultured and reared to second-generation larvae. These 
various nematode materials were washed and ground and tested by injection into the skin of 
rabbits, but in no case did fibromas develop.—This investigation was supported by research 
grant E 1198 from the National Institute of Allergy and Infectious Diseases, National Insti- 
tutes of Health, Public Health Service. Ropert C. ReNptTorFF, Section on Epidemiology, Divi 
sion of Preventive Medicine, The University of Tennessee, College of Medicine, Memphis. 
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Figure 1. Longitudinal section through adult E. granulosus showing alkaline phosphatase 
activity in the cuticle, the subcuticular cells, and in the hexacanth embryos. Incubated 4 


hours. x 80. 
FicurE 2. Larval secolices, attached to the unstained germinal membrane (background 


showing alkaline phosphatase activity. Incubated 22 hours. x 160. 

Ficure 3. Flat preparation of germinal membrane incubated in acid phosphatase substrate 
for 22 hours. x 430. 

FigurE 4. Control for figure 3. Germinal membrane incubated for 22 hours in acid phosphatase 
substrate in which the glycerophosphate was replaced by distilled water. The “caleareous ecor- 
puseles” show varying degrees of staining. x 430. 
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Piate IT 
Figure 5. Flat preparation of germinal membrane showing heavy deposits of glycogen. 
PAS-Hematoxylin. x 160. 
Figure 6. Control for figure 5. Germinal membrane showing numerous nuclei and minute 
amounts of PAS-positive material. PAS-Hematoxylin after saliva treatment. x 344. 
FIGURE 7. Section through brood capsule showing the distribution of PAS-positive material 
PAS. x 150. 
FigurE 8. Control for figure 7. PAS preparation after saliva treatment. Note PAS-positive 
reaction of fluid within the brood capsule. x 150. 
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il 


Puate III 
Figure 9. Cross section of adult scolex showing distribution of glycogen with heavy deposits 
in the sucker cups. PAS. x 100. 
Figure 10. Longitudinal section of mature proglottid of EF. granulosus showing heavy de- 
posits of glycogen in the parenchyma, moderate amounts in the vitelline gland, and none in 
the other reproductive organs. PAS. x 80. 
FicurE 11. Section through gravid proglottid showing distribution of PAS-positive material 
in the ova. PAS. x 430. 
Figure 12. Control section for figure 11. PAS after saliva treatment. Note persistence of 
some PAS-positive reaction in onchospheres. x 430. 





EFFECT OF HIGH TEMPERATURE STRESS ON HISTOGENESIS 
IN THE CYSTICERCOID OF HYMENOLEPIS DIMINUTA 


(CESTODA: 


CYCLOPHYLLIDEA) 


Marietta VOGE 


Department of Infectious Diseases, School of Medicine, University of California, Los Angeles 


Studies on the effect of high temperature 
stress on the development of cysticercoids of 
Hymenolepis diminuta (Voge, 1959) have dem- 
onstrated the existence of a sensitive period 
which coincides with the period of extensive 
growth and development of the cysticercoid. 
Exposure to high temperature during this time 
results in failure of scolex withdrawal in most 
of the cysticercoids. It also has been demon- 
strated that the effect of temperature stress can 
be much reduced by changing the usual flour 
diet of the insect host to a diet of pure sugars 
(Voge, 1959a). Additional observations concern- 
ing the effect of stress on the different tissues 
and cells of the cysticercoids will be presented 
here. The normal histology and histogenesis of 
H. diminuta eysticercoids has been described by 
Voge (1960, 1960a). 

In the present study on the effects of tem- 
perature stress upon histogenesis, answers were 
sought to the following questions. Does temper- 
ature stress affect all tissues, or does it affect 
only a few? If the effect is a differential one, 
what are the “target” tissues or cells? What is 
the interdependence of tissues in terms of dif- 
organization of the 
effect 
delay in growth only, or does it cause destrue- 


ferentiation and overall 


cysticercoid? Does temperature stress 


tion or elimination of certain tissues normally 
present? Finally, to what extent does the diet 


of the intermediate host modify the effect of 
stress on histogenesis? 
MATERIALS AND METHODS 
Cysticercoids of Hymenolepis diminuta were 
grown in flour beetles (Triboliwm confusum). The 
infected intermediate hosts were kept at 30 C in all 
experiments, except for the periods of temperature 
stress at 38.5 C which was applied for 24, 48, or 72 
hours. Such 


temperature stress was applied on 
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days 3 to 4, 4 to 5, 3 to 5, or 3 to 6, of cysticercoid 
development. Infected beetles were either kept on 
a flour diet or on saturated aqueous solutions of 
glucose or Cysticereoids were 
from beetles after 6 days or after 10 days of de 


sucrose. dissected 
velopment. Beetles were dissected individually and 
counts numbers of 
beetle. Techniques of preservation, embedding and 
staining were as_ previously ( Voge, 
1960a). All The 
technical assistance of Mrs. Nora Liu is gratefully 
acknowledged. 


made of cysticercoids per 


described 


sections were cut at 7 microns. 


DESCRIPTION 


General observations. Examination of tis- 
sues in temperature stressed cysticercoids shows 
effects of three types: (1) Delay in growth and 
development; (2) asymmetric development, and 
(3) gross abnormalities in growth and in organi- 
zation. Asymmetric development in some speci- 
mens is clearly due to unequal amounts of pro- 
liferation of certain tissues while in others it 
appears to be the result of abnormalities in cell 
structure or failure of growth in certain areas 


of the organism. For this reason, asymmetry 


and pronounced abnormalities often may be 


seen in the same specimen. Delay of growth, on 
the other hand, is the least noticeable effect of 
high temperature stress and the organism may 
be symmetrical and contain normally differenti- 
ated tissues. Delay in growth without other ab- 
normal features is most frequently observed in 
those eysticercoids which, in spite of tempera- 
ture stress, have a withdrawn scolex. Such delay 
is defined here as sparse or insufficient develop- 
ment of the fibrous processes and the absence 
of the hairy processes near the periphery, at a 
time when these structures are normally present. 
That this represents delay only and not total 
inhibition, is shown by examination of individ- 
uals which have been permitted to grow for a 
longer period and which are then indistinguish- 
able from normal ones. 

Within any one experimental group, the 
effect of high temperature stress varies in de- 
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gree in different individuals, and even among 
those developed in the same individual host 
beetle. This applies to withdrawn as well as non- 
withdrawn cysticereoids. The possible reasons 
for this variability are being investigated and 
will be discussed elsewhere. The experimental 
groups discussed below are separated according 
to the time and duration of temperature stress, 
age of cysticercoids, and failure or success of 
seolex withdrawal. 

Withdrawn specimens, age 10 days, tempera- 
Stress effects observ- 


ture stress days 3 to 5. 


able in this group are delay in development and 


asymmetry. Both effects are illustrated in figure 


1. The tail is twisted sideways, one side of the 
eysticercoid being much longer than the other. 


The fibrous processes are few and the hairy 





FIGURE 1: 


processes are absent. Apparently normal are the 
scolex, the lining tissue of the cavity and the 
fibrous layer. The peripheral cells are less nu- 
merous than is normal but are not distorted. In 
other specimens the thickness of the fibrous 
layer may vary considerably on different sides 
of the same organism and this contributes to 
asymmetry. As already stated, many specimens 
will show delay only and will lack the periph- 
eral hairy processes, as well as most of the 
fibrous processes. In this regard, they resemble 
6- to 7-day-old, normal individuals. With Mal- 
lory’s stain, the color reactions of the different 
tissues are usually normal. In some, the fibrous 
layer has a purplish cast which is normal for 
younger stages. With Himes’ stain, the poly- 


saccharide reaction in the scolex is negative. 














Cysticereoid of Hymenolepis diminuta 10 days old, exposed to temperature stress 


on days 3 to 5 of development showing delay of growth of peripheral tissues and asymmetry. 
All four figures drawn with the aid of a camera lucida. Abbreviations: ef, circular fibers; es, 
cuticle of scolex; em, external membrane; fl, fibrous layer; fp, fibrous processes; ft, abnormal 
growth of fibers transversely oriented; lc, lining of cavity; pe, peripheral cells; s, scolex; 


t, tail. 
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Non-withdrawn specimens, age 10 days, tem- failure of withdrawal is induced by temperature 
perature stress days 3 to 5. In non-withdrawn — stress and represents an overall, gross indica- 
individuals, the effect of stress is much more _ tion of the efficacy of the stressing procedure. 
pronounced. This is understandable because Histologically, there is delay in growth of the 








FIGURE 2. Longitudinal section of grossly abnormal 6-day-old cysticercoid in which scolex 
failed to withdraw. Note asymmetric position and irregular outline of cavity, irregular growth 
of fibrous layer and fibrous processes, and excessive multiplication without differentiation 
or alignment of peripheral cells. (Explanations under figure 1). 


FIGURE 3: Section of tissues external to cysticercoid cavity showing few peripheral cells, 
few fibrous processes and absence of hairy processes in 10-day-old cysticercoid. (Explanations 
under figure 1.) 


FicuRE 4: Section of tissues external to cysticercoid cavity showing disorientation of 
peripheral cells and absence of fibrous processes in 6-day-old cysticercoid. (Explanations under 


figure 1.) 
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peripheral tissues and sparse outgrowth of fi- 
brous processes which stain lightly with Mal- 
lory’s stain. The fibrous layer is usually normal 
in extent of growth as well as in staining re- 
actions. It may be concluded that development 
of this tissue is not altered by the stressing pro- 
cedure and is not dependent on scolex with- 
drawal. However, unequal growth can be ob- 
served in some specimens which as a conse- 


quence appear asymmetrical or lopsided. The 


cavity in these specimens is much elongated and 
is filled with a delicate network which comprises 
the lining of the ecysticercoid cavity. The net- 
work contains the typical large nuclei, but in- 
stead of forming the normal cup-shaped strue- 
ture in the anterior half of the cavity it appears 
as a fine layer of uniform thickness extending 
throughout the space of the cavity. The tissue 
stains the usual pink with Mallory’s stain. As 
will be seen below, the cup-shaped structure is 
absent also in much younger, stressed individ- 
uals. 

The seolex, while normal in appearance, has 
a poorly differentiated sucker musculature as 
is usual in normal individuals before scolex 
withdrawal. However, in many individuals the 
seolex with adjoining neck tissue has become de- 
tached from the peripheral tissues of the cysti- 
cercoid body, so that the only connection be- 
tween it and the remainder of the organism is 
by means of the lining tissue protruding from 
the cavity into the neck portion of the scolex. 
All tissues outside the cavity have folded inward 
as is observed in normally withdrawn individ- 
uals. 

Withdrawn specimens age 6 days, tempera- 
ture stress days 3 to 5. Normal, unstressed in- 
dividuals of this age have a well-defined fibrous 
layer from which delicate sheets of fibers pro- 
ject toward the elongate peripheral cells aligned 
in a uniform manner along the periphery of the 
eysticercoid body. In stressed individuals the 
peripheral cell alignment has been disturbed. 
Some of these cells may be found away from 
the periphery, without the cytoplasmic exten- 
sions normally observed. Other cells, although 
normal in shape, are oriented haphazardly with 
their longitudinal axes more or less parallel to 
that of the eysticerecoid. Figure 4 illustrates 
some of these irregularities. In all specimens 
the fine fibrous extensions from the fibrous layer 
are absent, as are the spaces between groups of 


peripheral cells usually seen in normal develop- 
ment. Fibrous processes from the fibrous layer 
are present, however, and extend without orien- 
tation toward the peripheral cells. There is good 
indication from the staining reactions as well as 
from structure, that temperature stress may 
speed up the development of the fibrous layer 
and of some fibrous processes while the differ- 
entiation and normal alignment of the periph- 
eral cells is inhibited. In general, all tissues ex- 
ternal to the eysticercoid cavity appear com- 
pressed perhaps as a consequence of fluid loss. 
The thickness of the fibrous layer may vary 
within the same individual. The narrower por- 
tions stain more deeply, indicating possible dif- 
ferences in amount of proliferation or of com- 
pression, or both. The lining tissue of the cavity 
is abundant and diffuse. The scolex appears nor- 
mal. Himes’ stain shows a negative polysac- 
charide reaction in the scolex. The fibrous tissue, 
instead of staining a deep purple, does not stain 
in most specimens. 

Non-withdrawn specimens, age 6 days, tem- 
perature stress days 3 to 5. Most specimens in 
this group show delay in development of periph- 
eral tissues as well as varying degrees of asym- 
metry. In addition, one observes much more 
clearly than in older individuals the failure of 
the peripheral cells to become oriented in a 
normal manner. Failure of alignment of these 
cells is the rule rather than the exception. It 
that at 
occurs in older individuals removed from stress 


is possible least some re-alignment 
for several days. Figure 3 shows the irregulari- 
ties in position of the peripheral cells. Extreme 
abnormal development found in very few indi- 
viduals is shown in figure 2, which illustrates 
asymmetry in position of the cavity, unequal 
amounts of growth of tissues on the two sides 
of the organism, abnormal shape and number 
of the peripheral cells and extensive as well as 
precocious development of fibrous tissue. Empty 
spaces are observed just anterior to the tail 
parenchyma. The staining reaction of the fi- 
brous tissue is abnormal in that it reacts in the 
manner of older tissue. Growth in this specimen 
is abnormally enhanced with respect to all fi- 
brous components and the peripheral cells. This 
is accompanied by failure of orderly alignment 
and, in the peripheral cells, of structural differ- 
entiation. The lining tissue within the cavity is 
abnormally delicate, contains relatively few nu- 
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clei, and extends not only throughout the area 
of the cavity but also into the neck region of 


the scolex. 

None of the specimens in this group shows 
the cup-shaped structure formed by the lining 
tissue during normal development. It is pos- 
sible that the absence of this “cup,” which is 
normally present at 5 days, is one of the reasons 
for the failure of scolex withdrawal. Another 
factor may be the precocious growth of the fi- 
brous tissue which may mechanically inhibit the 
passage of the scolex. 

Specimens 10 days old, temperature stress 
days 3 to 6. All individnals of this group are 
grossly distorted and almost all have failed to 
withdraw the scolex. In many, a seolex could not 
be seen. With Mallory’s stain, the color re- 
actions are normal. Fibrous tissue stains a deep 
blue, lining tissue pink, other tissues red. Many 
of the peripheral cells are scattered and situated 
away from the periphery, without elongate 
processes. Numbers of these cells vary greatly 
from one area to the next within the same indi- 
vidual. 

In areas of high cell density one observes 
thick bundles of fibrous processes from the fi- 
brous layer. All specimens are so distorted 
grossly as well as histologically that they do not 
represent useful material for evaluating the 
effect of stress in terms of target tissues or re- 
lationships of different tissues during develop- 
ment. 

Specimens 10 days old, temperature stress 
As expected, individuals 
subjected to stress for one day only, do not 


days 3 to 4 or 4 to 5. 


show gross abnormalities in structure or orien- 
tation of tissues and cells. At 10 days of age, 
most specimens are normal in appearance, sym- 
metrical, and show no delay of growth. The fi- 
brous processes, peripheral cells and hairy proc- 
esses are normally developed. A few specimens 
show slight asymmetry, lack the hairy proe- 
esses, and have few fibrous processes. Marked 
irregularities in alignment of the peripheral 
cells are rarely observed. Individuals from the 
same experimental group dissected at 6 days of 
development were normal in appearance. 
Specimens 10 days old, temperature stress 
days 3 to 5; intermediate host on glucose or 
sucrose diet. No gross abnormalities were 
noted in this group. A few specimens are in- 
distinguishable from normal ones. Most speci- 


mens show delay in growth of peripheral tissues 
only. Some show asymmetry in addition to 
delay. The hairy processes are present even in 
some of the non-withdrawn individuals. Speci- 
mens stained with Himes’ stain show a normal 
polysaccharide The 
fibroid tissue also stains more intensely than in 
the stressed individuals grown in beetles on a 
flour ‘diet. 


reaction in the scolex. 


DISCUSSION 

From the preceding observations several 
conclusions may be reached. Temperature stress 
applied during a given period of development 
does not affect all tissues in an equal manner 
and, apparently, does not influence the strue- 
tural differentiation of all tissues. The scolex, 
for example, appears to be most resistant to 
stress in that no structural changes can be ob- 
served, while other tissues are obviously af- 
fected. Similarly, the tail parenchyma appears 
unaltered. However, polysaccharide accumula- 
tion in the seolex is decreased or prevented by 
temperature stress, indicating effects on the 
metabolism of the stressed individual. The pe- 
ripheral cells appear to be most sensitive to tem- 
perature stress. In these cells, normal structural 
differentiation and alignment 
hibited. At the same time, the differentiation of 
the fibrous layer may be enhanced. This dem- 
onstrates that a given amount of stress applied 
at a certain period of development can inhibit 


is usually in- 


as well as enhance development of different 
tissues within the same individual. Interdepend- 
ence of tissues in normal differentiation (Voge, 
1960a) was suggested by the relation observed 
between the peripheral cells, and the fibrous 
processes. In stressed individuals, wherever 
peripheral cells are absent fibrous processes do 
not oceur. If regular alignment of peripheral 
cells is inhibited, the outgrowth of the fibrous 
processes is haphazard. Apparent independence 
of development of certain structures is illus- 
trated by the fibrous layer which usually is nor- 
mal in morphology as well as spatial organiza- 
tion in individuals where scolex withdrawal has 
been inhibited. The lining tissue of the cavity, 
however, does not oceupy its usual space unless 
the seolex is withdrawn. The mechanism here is 
apparently a purely mechanical one, the scolex 
compressing this tissue when it recedes into the 
cavity. Furthermore, differentiation of the lin- 
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ing tissue into a normal cup-like structure be- 
fore scolex withdrawal is also inhibited. It is 
unfortunate that of these observations 
help toward an understanding of the factors 
which normally induce scolex withdrawal. 

The least pronounced effect of temperature 


none 


stress is delay in development. It must be em- 
phasized, however, that some of the normal- 
appearing cysticereoids which eventually result 
from initially delayed ones are not necessarily 
infective to the definitive host (Voge, 1959). 
The criteria used here for normality are still 
very crude and by no means exhaustive. While 
the presence of tissue abnormalities serves as 
an indicator of stress, the apparent absence of 
structural abnormality does not preclude meta- 
bolic changes sufficient to prevent normal fune- 
tion and establishment of the cysticercoid in a 
new environment. The transition from an inver- 
tebrate to a vertebrate host with initial stages 
of growth in the latter must represent a very 
critical period in the life cycle of a tapeworm. 
Energy reserves, for example, may be essential 
for the successful accomplishment of this tran- 
sition. From the staining reactions of stressed 
individuals ean postulate that polysac- 
charide storage has been inhibited. 

It is of interest that the effect of the sugar 
diets of the intermediate host is clearly reflected 
by the relatively normal structure of cysticer- 


one 


coids developed in these hosts. Major abnormal- 
ities in histology are rare even in individuals in 
which scolex withdrawal was inhibited. Staining 
reactions with Himes’ stain are almost normal. 
As was shown previously (Voge, 1959a), failure 
of scolex withdrawal is much reduced in the 
presence of pure sugar diets. 

Further investigations are needed to deter- 
mine the possible reasons for the variability in 
the effect of stress on cysticercoids from the 
same host individual. Preliminary observations 
on normal development indicate that growth 
rates of different cysticercoids in the same beetle 
may vary considerably, at least during the first 
5 days of development, and that this is true even 
in beetles for which the egg feeding period is 
reduced to 4 hours. This would mean that, in 
terms of the precise developmental stage, the 
time of stress would not be the same for all 
evsticereoids. The factors responsible for this 


variability may be inherent in the developing 
eysticercoid or perhaps due to physiological 
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differences in the micro-environments of the 
beetle host. A certain degree of uniformity in 
the tissue response to stress is present, however, 
and can be related to duration of stress. When 
stress is applied for 24 hours only the tissue 
response of the cysticercoids is either normal, 
or one of delay in growth. Stress of 48 hours 
duration elicits delay in all eysticercoids, as well 
as asymmetry and disorientation of tissues in 
many individuals. Stress applied for 72 hours 
resulted in nothing but grossly abnormal indi- 
viduals. 

Further studies are also needed to evaluate 
the effect of stress on earlier and apparently 
less sensitive stages of development. Tempera- 
ture higher than 38.5 C applied for shorter 
periods (less than 24 hours) might help to de- 
termine more precisely the degree of interde- 
pendency of the different tissues as well as their 
relative sensitivity to stress. 

The precise manner by which all the effects 
observed are elicited is unknown, but it is pos- 
sible that they result from a direct stress upon 
the host rather than the parasite. Complete 
answers to these and other questions would re- 
quire further study. 


SUMMARY 

Cysticercoids of Hymenolepis diminuta sub- 
jected to high temperature stress during the sen- 
sitive period of development show delay in de- 
velopment, asymmetric development, and gross 
abnormalities in differentiation and alignment 
of tissues. The least pronounced and most com- 
mon effect is delay which eventually may result 
in normal appearing individuals. Asymmetric 
development is frequently seen. Grossly ab- 
normal individuals are relatively rare unless 
temperature stress is applied for more than 2 
days. From observations on the structure of 
stressed individuals it is concluded that different 
tissues differ in their sensitivity to high temper- 
ature stress. In some tissues growth and differ- 
entiation is inhibited, in others it is enhanced. 
A few tissues appear unaffected. Normal align- 
ment of a tissue may depend upon normal 
growth and differentiation of another tissue, 
illustrating interdependency of different tissues 
during growth of the organism. The severity of 
the effect. of temperature stress increases with 
duration of stress. When stress is applied for 
24 hours, most cysticercoids show delay in 





VOGE—TEMPERATURE STRESS 


growth only. Stress applied for 48 hours results 
in delay of growth, as well as in abnormal dif- 
ferentiation and alignment of tissues in a large 
number of cysticercoids. When stress is applied 
for longer periods, all cysticercoids are grossly 
abnormal. 
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The diet of the intermediate host in which 
eysticercoids develop may significantly modify 
the effect of high temperature stress. A diet of 
pure sugars in aqueous solutions will result in 


eysticereoids which primarily show delay in 
growth without the abnormalities in differentia- 
tion and alignment of tissues observed when the 
intermediate host is kept on the usual flour diet. 


RESEARCH NOTE 


ANOTHER CASE OF PARASITIC COPEPODS ON AMPHIBIANS. 


Goin and Ogren (1956, J. Parasit. 42: 154) reported parasitic copepods of the family 
Argulidae on an aquatic salamander (Pseudobranchus s. aranthus) and on a tadpole of the frog 
(Rana heckscheri). Purportedly, these are the first reported records of argulids on amphibians 
since the work of Okada (1927, Annot. Zool. Jap. Tokyo 11: 185-187). 

In early spring of 1959, several tadpoles of the bullfrog (Rana catesbeiana) were col- 
lected in Brazos County, Texas, and placed in a large aquarium for observation. Several months 
later one tadpole was observed to have filamentous structures, not unlike the barbels of fish, 
hanging from the lower border of the mouth. Closer examination revealed the “barbels” to be 
parasitic copepods (Lernaea cyprinaceéa Linnaeus, family Lernaeidae). Six female copepods 
with well-developed egg strings were found embedded in the tissues immediately behind the lower 
border of the mouth (fig. 1). Another female was attached to the belly region of the tadpole. 


Figure 1. Mouth of bullfrog tadpole with six lernaeids attached to its lower border. 
The specimens were donated to Dr. David Causey, who kindly made the identification. 

It is not known that the tadpole was infected at the time of capture. The parasitized tad- 
pole was undergoing transformation at the time of observation and displayed no recognized 
signs of distress —RIcHARD J. BALDAUF, Department of Wildlife Management, A. and M. Col- 
lege of Texas, College Station. 
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ANNOUNCEMENT 
BOOK REVIEW: A TRANSLATION FROM THE RUSSIAN. 


Skrjabin, K. I., Shikhobalova, N. P., Shul’ts (Schultz), R. S. 1960. Trichostrongylids of 
Animals and Man. Essentials of Nematodology, Vol. III, Helminthological Institute, Academy 
of Sciences of the USSR. 704 pp., Office of Technical Services (File No. 60-21124), U. S. De- 
partment of Commerce, Washington 25, D. C., $7.00 (A translation from the Russian). (The 
original reference to this work follows: Ibid. 1954, Trikhostrongilidy zhivotnykh i cheloveka. 
Osnovy nematodologii, Vol. 3, 684 pp., Moscow. 

Over the last 13 years more than 30 volumes on systematic helminthology have been pub- 
lished in Russian under the editorial supervision or guidance of Dr. K. I. Skrjabin and the 
Helminthological Institute of Moscow, USSR. These cover all the important helminthic groups, 
monogenetic and digenetic trematodes, nematodes, cestodes and acanthocephala. Systematic and 
experimental helminthologists who have had access to these books over the last few years have 
been very much interested in having some or all of them made available in English translation, 
not only because they represent a long needed compilation of the literature, but also because 
they contain many proposals for revision of existing helminthological taxonomic systems, dis- 
cussions of various systems of classification, keys which aid in identification, and considerable 
new material. 

Because of the high cost of providing published translations of such a mass of material, it 
has seemed almost an impossible task of even translating and publishing one of these books. 
However, in 1959 funds were provided by Congress to the National Science Foundation under 
Public Law 480 for considerable translation of selected scientific material in certain foreign 
countries. The actual selection of material for translation under this program was made by 
scientists in cooperating Federal Departments. 

Three of the Skrjabin volumes on helminthology mentioned above were selected for 
translation under this program upon the recommendation of officials of the U. 8S. Department of 
Agriculture. The book listed above is the first of these three to be translated and published. A 
limited number of this translation and others to follow will be sold to the scientific public by 
the OTS of the U. S. Department of Commerce at a nominal price (about 1 cent per page). 
Free copies will be distributed to the official mailing list of the USDA. Additional copies are 
made available to the USDA for officjal use. This book was translated by Mare Paenson and 
Z. 8. Cole and printed in Israel under the direct supervision of the Israel Program For Scientific 
Translations. 

Only general comments are indicated at this time on the translation itself. The translation 
is only 20 pages longer than the original, and superficially aypears to be very well done. All 
the original illustrations have been reproduced, and, although somewhat smaller than in the 
original, they are reasonably clear and usable. All Russian references have been traaslated 
into English, but the non-Russian citations have been merely reproduced in the original lan- 
guage. This is the only book available that has compiled all descriptions and figures of all 
species of the family Trichostrongylidae known to the authors up to 1954. There is no doubt 
that it will fill a void in the libraries of all those parasitologists interested in the identification 
and classification of parasitic nematodes of this important group, which contains many species 
which cause important diseases of man and domestic and wild animals. There is also no doubt 
that, as this book comes into wide use, many changes will probably be suggested by other 
authors in the taxonomy of the Trichostrongylidae as presented by Skrjabin et al. The National 
Science Foundation in cooperation with the U. 8. Department of Agriculture, the translators, 
and the printer should be commended by all English speaking and reading parasitologists in 
this country and abroad for this excellent first effort to provide translations of important Rus- 
sian publications in parasitology.—K. C. Kates, Food and Drug Administration, Department 
of Health, Education and Welfare, Agricultural Research Center, Beltsville, Md. 
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The hymenolepidid onecosphere consists of 
a muscular parenchyma, three pairs of distine- 
tive hooks, a binucleate medullary center, and 
epidermal glands, and is invested by a thin 
cuticle. Something is already known of the de- 
velopment and morphology of other oncospheres 
(Ogren, 1957) ; however, few descriptions exist 
of the morphology of the hexacanth embryo of 
Hymenolepis diminuta. The morphology and 
development of Dilepis uwndula has recently 
been described (Ogren, 1958a, 1959a,b). Di- 
lepid oncospheres are of the hymenolepidid type 
(Ogren, 1957) and thus are similar in structure 
and development to Hymenolepis diminuta. The 
present investigation was undertaken to study 
this similarity in detail and to elaborate on an 
earlier report (Ogren, 1958b). Description will 
be restricted to mature and post-mature onco- 
spheres, both considered to be infective. The 
term post-maturation condition has been intro- 
duced by the writer to designate the state of the 
oncosphere and protective envelopes in the most 
gravid terminal proglottids of the strobila. These 
also are the oncospheres found in the stools. 
Their appearance has been described for Dilepis 
and may represent a more resistant condition 
(Ogren, 1959a). 


MATERIALS AND METHODS 


The original fixed tapeworms used for these 
observations were obtained from Dr. M. Voge, Uni- 
versity of California. Dr. ©. P. Read and Dr. A. 
Rothman kindly provided living material from 
which a laboratory infection was established. Fresh 
specimens were fixed in Bouin’s or alcohol-acetic 
acid-formalin. Serial sections were prepared in the 
usual histological manner from mature portions of 
the strobila. Various procedures were used as re- 
ported in previous papers (Ogren, 1957, 1958a). 
Living hexacanth embryos were removed from 
gravid segments or collected from feces. Living em- 
bryos were examined in mammalian Ringer’s solu- 
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tion or in dilute neutral red (Ogren, 1955) used to 
stain the gland area and to inerease contrast. The 
outer shell was removed by dissection and the on- 
cosphere compressed beneath a coverglass or a 
so-called Roto-Compressor, purchased from The 
Biological Institute, Philadelphia, Pa. Most obser- 
vations were made with oil immersion objectives in 
bright field and phase contrast. 


MEMBRANES ENCLOSING THE ONCOSPHERE 


Three protective envelopes enclose onco- 
spheres (fig. 2) recovered from feces or gravid 
segments; the membranes have the following 
form and characteristics: (1) The outer capsule 
(figs. 2, 4) is a thick, rigid, striated, protein 
husk, yellowish in color, and ean be torn off with 
fine needles. (2) The inner eapsule (fig. 1), a 
thick, flexible membrane, is closely applied to 
the oncosphere and confines it to a small space. 
This inner capsule, originally formed by two 
large blastomeres (secondary macromeres), still 
contains the macromere nuclei surrounded by 
granular colloidal material. The position of the 
macromeres is marked by polar enlargements 
and masses of. large refractile granules. The 
inner capsule appears to be a living layer; 
hence, it may control entrance and loss of ma- 
terials and thus provide protection to the deli- 
cate embryo. (3) A. colloidal envelope 1s present 
between the inner capsule and the outer shell 
capsule (figs. 2, 4). Peripherally this material is 
a rigid gel firmly bound to the outer capsule; 
centrally the colloidal layer is more fluid. When 
the outer shell capsule is removed a new, thin, 
outer membrane quickly forms (fig. 1). This 
secondary colloidal envelope is adhesive, flex- 
ible, and elastic. When the shell is removed, the 
quiescent oncosphere begins regular extension 
and retraction movements; however, unless aided 
by enzymes or fracture of the inner capsule, 
the oncosphere is unable to emerge. 


MESENCHYMAL BODY AND SHAPE OF 


THE ONCOSPHERE 


THE 


The soft body is covered with a thin cuticle, 
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that is flexible, permeable and adhesive. Clear 
vesicles of colloidal material may adhere to liv- 
ing oncospheres released from their membranes 
(figs. 11 to 13). Beneath the cuticle is a mesh- 
work of delicate cireular and longitudinal mus- 
cle fibers. Cell boundaries in the mesenchyme 
are not distinct, but some cell nuclei are visible 
as clear vesicles having a central granule, the 
nucleolus. Abundant fibers are associated with 
the mesenchyme cells. A small amount of fluid 
ground substance appears to be present in the 
spaces of the stroma and is expressed when the 
oneosphere is crushed (fig. 9). The embryo has 
three basic shapes, related to its state of activity 
and development: (1) A relaxed condition with 
hooks extended (figs. 5, 13), in the inactive 
mature embryo; (2) a contracted postmature 
condition with hooks withdrawn, as found in the 
oldest proglottids; and (3) an extended econdi- 
tion in active embryos, with the hooks thrust 
down and back. A constriction behind the hook 
region produces a pear-shaped body (fig. 7, 12). 
In the middle of the body behind the medial 
hooks is the binucleate medullary center com- 
posed of cells with large interphase nuclei. This 
center in living onecospheres is just visible in 
figures 3, 6, and 8 as slightly diamond-shaped 
Fibers arise here and are associated with 
the contractile system moving the hooks. After 


areas. 


staining in vivo with neutral red the center ap- 
pears as a red or pink diamond-shaped cell mass. 


HOOKS AND ORIENTATION OF THE ONCOSPHERE 


Each. oneosphere has six hooks arranged in 
three pairs (fig. 9). Morphologically there are 
three distinct kinds of hooks: (1) Medial, are 
identical forming one pair located along the 
mid-line; (2) 
dorsal members of each lateral group; (3) ven- 


Dorso-lateral, the smaller more 


tro-lateral, the larger more ventral members of 
each lateral group. The latter, often considered 
most typical, are readily observable and may 
be used for comparison with other oncosphere 
types (Ogren, 1957). 

Each hook consists of a eurved blade and a 
straight shank (handle). An enlargement, the 
collar (guard), best developed in the ventro- 
lateral hook, is the thickened part of the shank 
joined to the blade and represents an attachment 
zone to the cuticle and muscle fibers. Short barbs 
project from the collar in all mature hooks. The 
blades of each pair of hooks are different and 
measure about 7 microns long. The medial blade 
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is delicate and sharply curved at the tip. The 
ventro-lateral blade is sickle-shaped, broadly 
curved with a sharp point. The dorso-lateral 
blade is delicate, narrow, and sickle-shaped. The 
shank, measured from the collar to the free end, 
is 10 to 11 microns long in all hooks. However, 
the real limit of this portion is hard to deter- 
mine since the medial portion of the hook tapers 
into the parenchyma. The medial portions of the 
lateral hooks are bound together by common 
fibers to the medullary center; the ventro-lateral 
hook may be slightly enlarged at this terminus 
(fig. 9). 

The hooks aid in orienting the oncosphere. 
The two medial hooks are oriented along the 
longitudinal antero-posterior axis of the body. 
Their pointed blades move out and down toward 
the substrate; hence, they point downwards in 
the figures. The region of the body touching 
the substrate is considered ventral and the upper 
surface is considered dorsal. The lateral hooks 
are arranged with blades directed backward, 
i.e., away from the direction of movement. In 
this embryo the lateral hooks are slightly dorsal 
to the medial; thus, in sections or photographs 
they may not appear on the same level. 

The region opposite the hooks is often con- 
sidered the embryonic anterior (Hyman, 1959, 
p. 738), since it becomes the seolex and contains 
most of the embryonic mesenchyme. The end 
bearing the hooks is designated the posterior 
part of the oncosphere by Voge and Heyneman 
(1957, p. 559). The anterior part is then the 
region of future seolex differentiation. I had 
earlier suggested (Ogren, 1953) the terms on- 
cophore for the hook bearing region, and meso- 
phore for the region giving rise to the scolex. 
Since the oneosphere appears to progress with 
the oncophore directed forward, this end is usu- 
ally placed up in diagrams. It has been sug- 
gested that the diagram be reversed to corre- 
spond to the orientation in the metacestode. 
the 
pattern until more work on embryogeny has 


I have decided to continue conventional 


been done. 


THE EPIDERMAL GLAND 


Examination of living or sectioned onco- 


spheres reveals the presence of a U-shaped 


granular area, the epidermal gland, occupying 
a large portion of the body (figs. 3, 5 to 8). 
This gland is composed of at least four groups 
of cells having contractile and probably secre- 
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tory functions: (1) Two small groups of 2 to 3 
cells located on each side of the medial hooks 
(figs. 3, 5, 6) and showing a lumpy or lobed 
appearance; (2) two large groups, each com- 
posed of several cells, located behind the lateral 
hooks and forming the base of the U. The gland 
is syneytial and protoplasmic material obscures 
the nuclei; hence, the number of cells present 
has not yet been determined. At least two inter- 
phase nuclei can be seen in one area. The gland 
area can be observed in bright field by lowering 
the condenser or staining with dilute neutral red. 
However, when sufficiently compressed beneath 
a clean cover glass the gland is best studied by 
phase contrast. Each group of cells has con- 
tractile properties producing movements of the 
oneosphere (figs. 10 to 12). Strong contractile 
movements are associated with this region. In 
most oncospheres observed there are accumula- 
tions of large refractile globules of unknown 
nature alongside the glands and near the medial 
portion of the oncosphere. In the figures they 
appear as dark spheres in groups or singly (figs. 
3, 5 to 9). In figure 3 the globules are located 
just above a narrow mesenchyme cell. Fluid 
filled cavities or lacunae are found on either side. 


MOVEMENTS OF FREE ONCOSPHERES 


The mesophere is the most contractile region 
and during movement the epidermal gland cells 
actually contract. A sequence of four photo- 
micrographs has been prepared to illustrate the 
appearance of the oncosphere following retrac- 
tion, extension and relaxation (figs. 10 to 13). 
An intermediate 
and retraction illustrates the first part of the 
sequence (fig. 10). The lateral hooks project to 
the side and the medial hooks point down toward 
the substrate. The pressure of the cover glass, 


condition between extension 


necessary to flatten the onecosphere for phase 
contrast study, restricts movement of the medial 
hooks; for this reason movement is not indi- 
cated in the figures. Retraction oceurs next (fig. 
11). This consists of contraction of mesophore 
cells and subsequent enlargement of the area. 
The large gland cell on the left, whose nucleus 
is oval rather than round, becomes shorter and 
wider. This cell, attached to the medial ends of 
the lateral hooks, tends to pull the hooks into the 
body. Dark muscle strands ean be seen attached 
to these hooks. The enlargement of the meso- 
phore is more readily visualized if the pictures 
are reversed with the hooks facing the observer. 


In fact, when oneospheres are studied from this 
perspective, it is clear that movements consist 
in the regular extension and retraction of this 
part of the body. It was obstrved, although only 
partly indicated in the: photomicrographs, that 
myoblasts of the oncophore attached to the shank 
of the lateral hooks, pull these hooks together 
toward the mid-line; thus, at the end of retrac- 
tion, the hooks are nearly parallel and are pulled 
backward into the body. Extension of the onco- 
sphere quickly follows retraction (fig. 12). Two 
actions are involved: First, contractile cells lo- 
vated near the hooks produce a constriction and 
concurrently pull the hooks back and out by at- 
tachments to the collar; second, the medial ends 
of the lateral hooks are pulled forward by the 
contraction of oneophore cells attached to the 
shanks. Simultaneous movements pull the medial 
hooks forward in a piercing action and down 
toward the substrate in a clawing action. These 
combined movements result in the extended form 
of the oncosphere (fig. 12) with lateral hooks 
pulled back and out with shanks directed for- 
ward and medial hooks pointing down with 
shanks forward. Relaxation may oceur for short 
periods (fig. 13). Frequently it indicates that 
death of the hexacanth embryo is near. Figure 
13, taken a few minutes after figure 12, shows 
the relaxed condition with only local contrae- 
tions. The oncosphere later ceased all move- 
ments. 

Oncospheres move with the hook-bearing end 
forward. When contracting against 
above and below, the embryo actually pulls itself 


surfaces 


along by alternate retraction and extension. The 
movement of extension (fig. 12) producing a 
rowing action of the lateral hooks, is responsible 
for forward progression. The medial hooks pro- 
vide piercing and clawing actions. At present 
I do not feel that this end is to be considered 
anterior solely because the oncosphere pulls 
itself along with the hook-bearing region for- 
ward. It appears so because of the arrangement 
of the hooks and musculature. Perhaps the on- 
cosphere would move in the opposite direction 
if hooks were absent. 


DISCUSSION 


Representations of Hymenolepis eggs and 


oneospheres have changed little since the early 
days of helminthology. Probably the most widely 
used figure of Hymenolepis diminuta was pub- 
lished by Grassi and Rovelli (1592). Another 
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original figure was made by Faust (1949) and 
used in his “Human Helminthology.” None of 
these figures provided cellular detail of the on- 
cosphere, however, and the hooks were schemati- 
cally represented. Nevertheless, since attention 
was given to the protective membranes, all three 
envelopes have been recognized. 

Fulleborn (1922) observed the presence of 
granular areas in retracted oncospheres of H. 
diminuta. Granular 
Reid (1948) 


glands similar to those in Choanotaenia infun- 


areas were examined by 


and considered to be unicellular 


dibulum. Cellular details were provided for on- 
cospheres of Hymendlepis nana, the cellular 
nature of the glands was confirmed, the presence 
of oncoblasts and the development of hooks 
were described by Ogren (1955). Photographic 
representation of H. diminuta was employed 
by Voge and Heyneman (1957) and Rothman 
(1957). The present description brings the basic 
structure of the hexacanth embryo of H. dimi- 
nuta up to date. Future investigation will con- 
cern problems associated with differentiation 
and cytology of hooks, glands, muscle, and mem- 
branes. 
SUMMARY 

The hexacanth embryo of Hymenolepis di- 

minuta is enclosed by three protective envelopes, 


viz, an outer shell, a colloidal region, and an 


inner capsule. The soft mesenchymal body of 


the oncosphere, as observed in the living eondi- 
tion, has six characteristic hooks of three dis- 
tinct kinds. The epidermal gland is a prominent 
contractile granular area composed of four cell 
groups. The binucleate medullary center can be 
observed behind the medial hooks. 
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EXPLANATION OF PLATES 
PLATE I 

Ficure 1. Oncosphere, inner capsule, colloidal envelope following removal of outer shell; 
bright field, x 97 objective. 

FieurE 2. Egg, slightly compressed to show envelopes; bright field, x 97 objective. 

FicurE 3. Oncosphere within inner capsule, slightly compressed, living unstained on- 
cosphere. Note dark globules above the gland area, Just above these are two bright points. 
The darkened area around this is the binucleate medullary center. Phase contrast, x 97 objective. 
Each seale division represents 10 microns. Scale does not apply to figs. 5 or 9. 

Ficure 4. Portions of the three envelopes compressed. Outer shell is the refractile portion 
at bottom of figure. Colloidal material is spread above this. At the top is a portion of the inner 
capsule torn from the oncosphere. Phase contrast, x 97 objective. 


PuaTeE II 


FieurE 5. Mature oncosphere, removed from membranes, slightly compressed in roto- 
compressor. Material at the top and bottom has been expressed from embryo; phase contrast, 
x 63 objective. 

FIGURE 6. Mature embryo, within inner capsule, slightly compressed. The four portions 
of the gland area are clearly shown and nuclei can be seen. A cell of the medullary center is 
shown between the medial hooks. Phase contrast, x 97 objetive. 

Figure 7. Living oncosphere in extended position, free of internal capsule, but enclosed 
by a delicate membrane. Pale contracted areas at top and bottom represent the gland area. 
3right field, x 97 objective. Reprinted from a kodachrome slide. 

Figure 8. Mature oncosphere, living, compressed, confined within the inner capsule. Gland 
area in pale and contractile, medullary center is a slightly diamond-shaped mass just beneath 
the blade of the left medial hook; phase contrast, x 97 objective, reproduced from a kodacolor 
negative. 

Figure 9. Oncosphere compressed to show hook arrangement; phase contrast, x 90 ob- 
jective. 

PuaTE III 


FIGURE 10. Mature extended oneosphere free of membranes and slightly compressed. 
Phase contrast was employed with a Leitz x 63 type n objective. Two gland cells can be identi- 
fied by their dark diamond-shaped appearance. Clear vesicles of colloidal material are most 
abundant near the forward and rear gland cells. Figures following represent the same onco 
sphere in a sequence of movements. 

FIGURE 11. Mature oncosphere showing retraction of hooks and enlargement of mesophore. 
The gland eell on the left has contracted; nucleus is oval. 

FigURE 12. Mature oneosphere showing extension. The lateral hooks are pulled back and 
out, the shanks forward. Medial hooks did not move in these figures but are shown extended. 
The gland cells again have changed form and a constriction appears in the body. The calibrated 
mark of 10 microns can be applied to figures 10 to 13. 

FicurE 13. Mature oncosphere showing relaxed condition. The colloidal vesicles are 
breaking down. The oncosphere ceased to move a short time after the picture was taken. Nu- 
cleus is evident in the left gland cell. 
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CLADOTAENIA (PARACLADOTAENIA) CATHARTIS N. SP. 
(CESTODA: TAENIIDAE) FROM THE INTESTINE OF THE TURKEY 
BUZZARD, CATHARTES AURA SEPTENTRIONALIS WIED, 1893 


JosEPH C. Hwane 


Animal Disease and Parasite Research Division, Agricultural Research Service, 
U. S. Department of Agriculture, Beltsville, Maryland 


A single gravid specimen of a cestode was 
recovered from the lower portion of the small 
intestine of a turkey buzzard, Cathartes aura 
septentrionalis, was captured on the 
grounds of the Beltsville Parasitological Labora- 
tory, Beltsville, Maryland. Three additional spee- 


which 


imens of the same species were subsequently 
removed from the intestines of three other tur- 
key buzzards which were sent to us from the 
National Zoological Park, Washington, D. C. 
These four specimens apparently belong to a 
new species and, insofar as the writer is aware, 
constitute the first record of a species of cestode 
from this host. 


Cladotaenia (Paracladotaenia) cathartis n. sp. 


Description. (All measurements in milli- 
meters.) Body 386 long and 3.1 wide. Scolex (fig. 
1) 0.32 wide; with disc-shaped, unarmed rostellum 
0.09 wide by 0.33 thick; suckers 0.145 to 0.150 in 
diameter. Neck 1.0 long by 0.163 wide. Proglottids 
(fig. 2) definitely longer than broad. Genital pores 
marginal, irregularly alternate, and situated ante- 
rior to middle of segment; in young proglottids 
opening te exterior at level of margin, and in more 
mature ones at tip of cone-shaped prominences. 
Inner longitudinal muscle-layer well developed. 
Transverse muscles fine and sheath-like. Area lat- 
eral to excretory vessels wide and translucent in 
gravid proglottids. Exeretory stem wide and 
slightly constricted at origin of transverse comis- 
sure, the latter somewhat inflated at middle (figs. 
2 and 3). Testes spherical, 74 to 100, arranged in 
two fields anterior to ovary and limited by exere- 
tory vessels and uterine stem. Cirrus pouch pyri- 
form, 0.35 to 0.14, lacking vesicula seminalis in- 
terna, but containing a protrusible cirrus with fan- 
shaped muscles at base. Cirrus opening into genital 
atrium directly in front of vagina. Vas deferens 
enlarged near base of cirrus pouch, which enlarge- 
ment may serve as a vesicula seminalis externa. 
Ovary bi-lobed, irregular in outline, and lying at 
median posterior portion of proglottid. Vitelline 
gland 0.18 in diameter, irregularly rounded, and 
situated posterior to ovary. Receptaculum seminis 
pouch-like, situated between ovarian lobes. Uterus 
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in mature proglottid a simple median tube with 
anterior end reaching to anterior end of segment, 
in gravid proglottids (fig. 3) with 10 to 12 smaller 
secondary pouches, which eventually occupy entire 
medullary parenchyma. Eggs (fig. 4) oval, 0.03 to 
0.04 by 0.029 to 0.031, thin-shelled and without 
radial striations. Onchospheres 0.018 to 0.025 by 
0.015 to 0.019, with three pairs of embryonic 
hooks; central pair of hooks (fig. 5a) 0.014 to 
0.015 long, the lateral pairs (fig. 5b) 0.011 to 0.013 
long. 

Host. Turkey buzzard (Cathartes aura septen- 
trionalis Wied, 1893). 

Location. Lower portion of small intestine. 

Type locality. Agricultural Research Center, 
U. S. Department of Agriculture, Beltsville, Mary- 
land. 

Specimens. Type (No. 55855) and Paratype 
(No. 55856) in U. 8S. National Museum Helmintho- 
logical Collection. 


Yamaguti (1935) erected the genus Para- 
cladotaenia on the basis of a single gravid speci- 
men of a cestode, P. accipitris, which he de- 
seribed as having an unarmed rostellum, pro- 
elottids broader than long, uterus consisting of 
a median stem and digitiform lateral pouches oe- 
cupying the entire medulla in fully gravid seg- 
ments, and a cirrus sae with a vesicula seminalis 
interna. Apparently cognizant of the close rela- 
tionship of the genus Paracladotaenia to the 
genus Cladotaenia, Yamaguti (1959) reduced 
Paracladotaenia to the rank of subgenus, thus 
dividing the genus Cladotaenia into two sub- 
genera, Cladotaenia and Paracladotaenia. In 
addition to the type species, Paracladotaenia 
accipitris Yamaguti, 1935, four other species 
were listed by Yamaguti (1959) as belonging 
to the subgenus Paracladotaenia: Cladotaenia 
fania Meggitt, 1933, C. freani, Ortlepp, 1938, C. 
secunda Meggitt, 1928, and C. vulturi Ortlepp, 
1938. Yet these four last-named species, with 
the possible exception of C. vulturi, possessed 
a rostellum with hooks. Apart from ‘one small 
taenoid hook, measuring 0.026 mm in length,” 
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adhering to the secolex, the rostellum of C. vul- 
turi was, however, described as being devoid of 
hooks. 

By having a rostellum w.thout hooks, testes 
confined to two submedian fields, uterus extend- 
ing almost full length of segment, and bi-lobed 
ovary, the present species agrees with the de- 
seription of the type species of the subgenus 
Paracladotaenia as given by Yamaguti (1935). 
However, C. (P.) cathartis differs from the de- 


seription of the type species of the subgenus 


Paracladotaenia by lacking a vesicula seminalis 


interna, by having genital pores distinetly situ- 
ated at tips of cone-shaped prominences in the 
more matured proglottids, and by having pro- 
glottids definitely longer than broad. Because 
C. (P.) cathartis possesses more basie charac- 
ters common to the subgenus Paracladotaenia, 
it has been placed there rather than in the sub- 


genus Cladotaenia. 


C. (P.) cathartis may be differentiated from 


C. fania, C. freani, C. secunda, and C. vulturi 
by the median stem of the uterus, which extends 
nearly to anterior border of segment, as well 
as by the absence of rostellar hooks, It differs 
from C. (P.) accipitris by having the ovary 
situated at median posterior portion of proglot- 
tid. It may be further differentiated from C. 
fania in the number and arrangement of the 
testes, and from C. secunda in the more poste- 
rior position of the genital pore, the crescent- 


shaped ovary, and the smaller eggs. 
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EXPLANATION OF PLATE I 


Cladotaenia (Paracladotaenia 


Rostellum. 
Mature segment. 
Gravid segment. 


FIGURE 1. 
FIGURE 2. 
FIGURE 
FIGURE 
FIGURE 


FIGURE 


Onchosphere. 
Central embryonic hook. 
Lateral embryonic hook. 
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SOCIETY BUSINESS 
THE HENRY 


Although the Henry Baldwin Ward Medal was awarded for the first time in 1959, the 
medal had not yet been designed at that date.. At previous discussions it was agreed that 


BALDWIN WARD MEDAL. 


the Society seal should appear on the medal. I had been asked a year earlier to design a seal, 
and this seal was formally adopted at the Penn State meetings in 1959 (Mueller, 1960, J. 
Parasit. 46: 112 
now been done, and the first copy has been presented retroactively to Clark Read, the first 


. I was at that time asked to proceed with the design of the medal. This has 


recipient, 

The medal is bronze, 3 inches in diameter, and weighs 195 g. It is academic in the careful 
treatment of detail, but modern in overall feeling. Both sides have a flat rather than coneave 
base, and the edge is square without the usual bead or other superfluous decorations. It is 4 
mm thick at the edge, while the overall thickness including relief is 7 mm. 

(Continued on p. 208) 
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(Continued from p. 206) 

Although a profile portrait is preferred for a medal, no suitable profile photograph of Dr. 
Ward seems to exist. The portrait on the medal is an construction arrived at by using the one 
profile that did exist (of Ward as a very young man), and working the features of the older 
man, as taken from later photographs, upon this. While this method of procedure leaves 
something to be desired, the result is a much stronger medal than could have been had with a 
three-quarter or full face view. 

The reverse bears the field of the seal, without the legend, since the Society’s name appears 
prominently above. The panel for the recipient’s name ties in with the center of the seal. 
This is a means of strengthening the design, and provides extra space for the date, should 
some future recipient have an unusually long name. 





As is usual in such work, the patterns were made 1 foot in diameter for an eventual re 
duction of 1 to 4. The basic forms were successively sculptured in clay and other materials, 
and then cast in plaster. The seal was worked separately and cast into the back in one of the 
final steps. It was necessary to work alternately in both the positive and negative (mold and 
east). Six successive steps were involved in developing the face, 6 for the seal, and 8 for the 
back, or 20 pieces altogether, requiring about 150 pounds of plaster. Contrary to general 
opinion, the portrait was the easiest part of the work, but the design and finishing of the 
lettering and other details was a tedious process which required weeks to finish. The final 
patterns were reduced, and the dies cut by a scanning and engraving machine, and no further 
hand finishing was required. The Medallic Art Co. of New York handled this part of the work. 

A certain fatality seems to surround my relations with Dr. Ward. I first met him when I 
was working as an artist at the University of Michigan in 1924 for the U. S. Bureau of 
Fisheries, painting a series of detailed illustrations of the whitefishes of the Great Lakes. Dr. 
Ward, who was attending a Sigma Xi convention, dropped into my room one day, introduced 
himself, sat on my desk and persuaded me that I should come to his laboratory and be a 
parasitologist, which I did. When some years later I began making models for Ward’s Natural 
Science Establishment, Dr. Ward wrote me that he was glad I was doing such work, even 
though it would only “further confuse the Wards of Rochester with the Wards of Troy.” It 
seems a poetic fulfillment of some kind that I have lived to design the Ward Medal, even 
though I am now asked by my colleagues whether this is the Ward whose name appears with 
mine on those models. It would appear the confusion is now total and complete!—Justus F. 
MUELLER, Syracuse University, Syracuse 10, New York. 














EFFECTS OF CONCURRENT INFECTIONS 


ON 


HYMENOLEPIS DIMINUTA (CESTODA) AND MONILIFORMIS DUBIUS 


(ACANTHOCEPHALA). I. 


GENERAL EFFECTS AND 


COMPARISON WITH CROWDING 


JOHN C. 


Department of Biology, The 


The ecology of intestinal helminths has been 
extensively studied in the past few years, but 
one aspect of their ecology, the influence of 
other parasites, has received secant attention. 
Such attention as has been paid to this influence 
has generally been directed to cross-immune re- 
sponses of the host. The possibility of interspe- 
cifie competition between parasites, which might 
be important as a factor in the regulation of 
their distribution and abundance, has been gen- 
erally overlooked, or, indeed, denied (Baer, 
1952, p. 213). 

Read and Phifer (1959) deseribed the results 
of a series of experiments in which they studied 
the 
lepis diminuta and H. citelli in hamsters under 


interactions between individual Hymeno- 
conditions of ample and limited carbohydrate 
(starch). Both 


weight in the coneurrent infections, but the ex- 


tapeworms were reduced in 
tent of this reduction, and the relative effect on 
the two species, were markedly affected by the 
quantity of available carbohydrate. Competition 
for the available carbohydrate seems to be a 
likely explanation of their results. 

Cross (1934) reported an inverse relation- 
ship between the numbers of Proteocephalus 
exigus (sic) parasitizing ciscoes and the num- 
bers of an acanthocephalan of the genus Neo- 
(sic) in the Beck 
(1951), in a study on the effects of various 


icanthorinchus same host. 
factors on the egg production of single-worm 
infeetions of Hymenolepis diminuta, encoun- 
tered several cases of accidental dual infections 
with Moniliformis dubius. He concluded that 
there was little toxicity of the 
acanthocephalan toward the tapeworm, although 


evidence of 
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there might be some effect due to crowding or 
to competition. These two studies indicated that 
the relationship between acanthocephalans and 
tapeworms might profitably be studied. 

The experiments reported below are an at- 
tempt to determine the effects of concurrent in- 
feetions on Hymenolepis diminuta and Monili- 
formis dubtus. 

METHODS 


MATERIALS AND 


Male Holtzman rats, initially weighing 140 to 
160 g, were used as hosts. The Hymenolepis dimin- 
uta cysticercoids were obtained from laboratory- 
infected (Tenebrio molitor) and adminis- 
tered according to the methods of Addis 
Chandler (1944). Moniliformis dubius eystacanths 
were obtained from laboratory-infected 
(Periplaneta americana) and administered by the 
methods of Burlingame and Chandler (1941). On 
several occasions cystacanths from naturally-in- 
fected roaches obtained locally were used to sup- 
plement those raised in the laboratory. Rats given 
double infections were administered both species of 
larvae within a fifteen-minute period. 

Fight weeks after infection, the rats were 
killed by a blow on the head. The small intestine 
was immediately removed to a long, wax-bottomed 
pan, stretched, and split open. (A_ preliminary 
study showed that this stretching could be dupli- 
cated repeatedly with an approximate error of 
only 5 percent.) The location of the attachment 
point of each worm was then marked with a pin 
and the worms removed to individual containers of 
0.8 percent NaCl. The length of the stretched in- 
testine and the distance between the attachment 
point of each worm and the pylorus were then 
measured. The worms were lightly pressed between 
two sheets of filter paper to remove excess moisture 
and weighed on a torsion balance. The entire 
operation was completed within 15 to 30 minutes 
after death of the host. 

After weighing, the worms were allowed to re- 
lax overnight in tap water in the refrigerator. The 
tapeworms were then ribboned out on glass, without 
stretching, and measured. The acanthocephalans 
were at least partly coiled even when fully relaxed ; 
measurements were therefore made on the greater 
curvature of these worms. 

The weight: length 


beetles 
and 


roaches 


ratio, an index of the 
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average cross-sectional area, and hence the general 
body form (Wardle and Green, 1941) was calcu- 
lated for each worm. 

Resultant data were analyzed for significance 
by the analysis of variance technique (Snedecor, 
1946; Cochrane and Cox, 1950). Only the pertinent 
variance ratios (F values), and their significance 
(n= not significant at the 10 percent level, B = sig- 
nificant at the 10 percent, but not the 5 percent 
level, S=significant at the 5 percent, but not the 
1 percent level, and HS=significant at the 1 per- 
cent level) are given. Complete summary tables 
are available in a doctoral thesis by the author, 
deposited in the library of the Rice Institute. Other 
statistical methods will be indicated in the context 
of specific experiments. 


GENERAL EFFECTS OF CONCURRENT INFECTION 

Three experiments were designed to study 
the general effects of concurrent infections. In 
each experiment, groups of five rats were in- 
fected with 5 H. diminuta eysticereoids, 10 M. 
dubius cystacanths, or 5 H. diminuta plus 10 M. 
dubius. The data obtained on the number of 
adult worms recovered eight weeks later and the 
wet weight, length, and weight: length ratios of 
the worms are summarized in Table I. The intra- 
intestinal distribution of the worms is depicted 
in figure 1. 


TABLE I. 


about 38 percent of the mean weight of the tape- 
worm in control single-species infections. This 
difference is highly significant. The mean weight 
of the M. dubius is also significantly reduced in 
the concurrent infections, but not to the same 
degree as that of the tapeworm. The weight of 
males is reduced to about 73 pereent of the 
weight of the males from control infections, the 
weight of females to about 67 percent of the con- 
trols. 

The length of the H. diminuta in coneurrent 
infections is significantly reduced to about 62 
percent of the length of tapeworms in control 
infections. The length of the M. dubius is re- 
duced to a slightly significant extent in the con- 
eurrent infections. The females showed an 
average reduction of only 8 percent, the males 
only 3 percent. The probability that these redue- 
tions are due to chance alone is less than 10 
percent, but greater than 5 percent. 

The H. diminuta in single infections are 
robust worms with fairly wide, deep proglot- 
tids; in the concurrent infections, they are less 
robust, with narrower, flatter proglottids. The 
reduction in the 


marked, highly significant 


weight: length ratio of the H. diminuta in the 


Effects of concurrent infection on the number, wet weight, length, and weight:length ratios 
of H. diminuta and M. dubius. 





Single Concurrent 
—_— — - - F Signif. 
Rats M+S8S.E Range Rats M+S.E. Range 
H. diminuta 
Number 14 40 + 03 2-5 14 4.7 + 0.2 4-5 2.7 n 
Weight (mg) 14 664.6 +30.7 496-918 14 251.4 +28.0 122-434 134.0 HS 
Length (mm) 14 529.4 +21.3 388-662 14 823.5 + 14.6 261-458 23.9 HS 
Weight : length 14 1.272+ 0.056 1.03-1.77 14 0.766 + 0.055 0.46-1.04 38.5 HS 
M. dubius (aggregate) 
Number 14 7.3 + 06 3-10 14 6.4 + 06 2-9 n 
Weight - HS* 
Length B* 
Weight : length HS* 
M. dubius males 
Weight 14 75. 2 32 65-88 14 59.1 + 2.4 40-74 . ° 
Length 13 93.8 + 1.2 85-103 13 88.4 + 2.4 77-101 ° . 
Weight : length 13 0.862 + 0.098 0.64—1.04 13 0.697 + 0.088 0.51—0.90 * * 
M. dubius females 
Weight 14 863.7 +15.1 285-430 13 235.8 +14.7 141-332 ad ° 
Length 14 207.4 + 3.8 188-231 13 188.4 4+ 4.7 151-208 . * 
Weight: length 14 1.751+ 0.052 1.34-1.97 13 1.248+ 0.072 0.88-—1.77 bd ° 





* Data on M. dubius males and females were combined in the analysis of variance (with segregation of a 
highly significant variance due to worm sex) to give a single test of significance that takes into account the 
difference in each sex due to concurrent infection, and also the concordance of direction of change between 


the sexes. 


The data indicate that the recovery of neither 
species was significantly affected by concurrent 
infection with the other helminth, but that the 
size, general body form, and distribution of both 
species were affected. 

In the presence of M. dubius, the mean wet 
weight of H. diminuta is strikingly reduced to 


coneurrent infections summarizes these changes 
in body form. Although changes in the body 
form of the M. dubius are not as obvious, the 
reductions in the weight: 
length ratios in concurrent infections show that 


highly significant 


such changes do occur. 


The linear intestinal distribution of JH. 


| 
; 
i 
i 
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Figure 1. Effects of concurrent infection on the 
intraintestinal distribution of Hymenolepis dimin- 
uta and Monilformis dubius. 


dminuta in single infections extended from just 
posterior to the opening of the bile duct (about 
3 to 5 em posterior to the pylorus, well within 
the first 5 percent of the intestine) almost to 
the ileocecal junction. The tapeworms were at- 
tached throughout the anterior three-fourths of 
the intestine. Most of them (74 percent) were 
attached within the anterior quarter of the in- 
testine, with the attachment points fairly uni- 
formly distributed throughout this region. In 
the presence of the M. dubius, none of the tape- 
worms attached in the anterior quarter, and 
almost all (98 percent) attached in the second 
and third quarters. A few tapeworms even at- 
tached in the distal quarter of the intestine. 
This marked posteriad shift is illustrated in 
figure 1. 

M. dubius is more limited in its range of at- 
tachment sites in’ single infections than is H. 
diminuta. The acanthocephalans are not found 
as close to the pylorus, nor do they extend as 
far posterior as the tapeworms. Eighty-four per- 
cent of the M. dubius attached within the second- 
and third-tenths of the intestine, only 2 per- 
cent attached in the anterior tenth, and the rest 
(14 pereent) attached elsewhere within the an- 
terior half of the small intestine. Females tend 
to attach anterior to the males (median attach- 
ment point at 16.4 percent of the intestinal 
length, from the pylorus, as opposed to 27.4 
percent for the males). The distribution of the 
M. dubius in the presence of H. diminuta was 
almost the same as in control single infections. 
There was a slight shift anteriad, mainly due 
to a forward shift in the attachment points of 
the males. (The median attachment point for the 
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males shifted from 27.4 percent of the intestinal 
length in the single infections to 19.4 percent in 
the concurrent infections; the median attach- 
ment points of the females were 16.4 percent of 


the intestinal length in the single infections, 15.6 
percent in the concurrent infections. ) 

The distributions of the two species in con- 
current infections (the solid bars in figure 1) 
show very little overlap, with the M. dubius 
attached anterior to the H. diminuta. Within 
individual rats, there was practically no overlap 
in the distributions of the tapeworms and the 
acanthocephalans. In one rat, one of five H. 
diminuta attached anterior to a single male M. 
attached within the 
same five percent interval of the gut as the 


dubius and three others 
acanthocephalan. In no other instance did any 
tapeworm attach anterior to, or even in the 
same interval as, any of the acanthocephalans. 
In somewhat over half of the rats the anterior- 
most H. diminuta did overlap the posterior part 
of the posterior-most M. dubius, but in the rest 
of the rats this slight degree of overlap was 
not found. 


COMPARISON OF THE EFFECTS OF CONCURRENT 
INFECTION AND CROWDING 

In view of the similarities between the effects 
of concurrent infections, as shown in the pre- 
vious section, and those of crowding, as shown 
by Burlingame and Chandler (1941), Read 
(1951), and Read and Phifer (1959), inter alia, 
two experiments were designed to compare the 
effects of concurrent infections and crowding on 
H. diminuta and M. dubius. Thirty-five rats, 
divided into seven equal groups, were used in 
each experiment. The individuals of each group 
were then infected with 5, 10, or 20 eysticereoids 
of H. diminuta; 10, 20, or 40 cystacanths of 
M. dubius; or 5 H. diminuta plus 10 M. dubius, 
respectively. Eight weeks later the worms were 
harvested and data collected on their numbers, 
length 
Weight: length ratios were caleulated, 


wet weight, and attachment points, 

Data from the graded single infections were 
analyzed by the analysis of variance technique. 
A sum of squares for regression of each meas- 
urement on the number of larvae administered 
was extracted and tested for significance. Re- 
gression coefficients were also calculated. 

Data obtained on worms from concurrent 
infections were compared with the data obtained 


on worms from single infections of varying in- 
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tensity by the method described by Mather 
(1946, p. 118). This method involved the com- 
parison, by means of a t-test, of the observed 
weight, length, and weight: length ratios of H. 
diminuta or M. dubius in concurrent infections 
with values predicted for individual worms in 
single infections with the same average total 
number of worms. Predicted values were caleu- 
lated Y=Y; 
b(X-—X), where Y=the predicted value, Y 

the mean of all the observations from which the 


from the regression equation, 


regression coefficient was calculated, b=the re- 
gression coefficient, X =the average number of 
worms in the concurrent infections, and X =the 
average number of worms in the single infec- 
tions from which the regression was calculated. 
The average number of worms involved in the 
comparison should ideally be the average num- 


TABLE II. Effects of number of larvae adminis 
tered on the percent of H. diminuta and M. dubius 


recovered at autopsy. 


Per- 

cent 
recov- 

ered 


Total 
admin 
istered 


Total 
recov 
ered 


Range 
indiv. 
rats 


Larvae 
administered 


50 
100 
200 

45 


40 
91 
184 
43 


SO 
91 
92 


95 


40 
70 
80 
80 


100 
100 
100 
100 


5 H. diminuta 
10 H. diminuta 
20 H. diminuta 

5 H. diminuta 

(Plus 10 
VU. dubius) 

10 M. dubius 
20 M. dubius 
40 H. dubius 
10 M. dubius 

(Plus 5 
H. diminuta) 


90 
200 
360 

90 


30- § 
5— 


20- 


TABLE III. Effects of crowding on the wet weight 


and M. 


. diminuta 


Rats Range Rats 
5 Worms 
Weight 
(mg) 
Length 
(mm) 
Weight : 
length 
10 Worms 
Weight 
Length 
Weight: 
length 
20 Worms 
Weight 
Length 
Weight : 
length 
40 Worms 
Weight 
Length 
Weight : 
length 


10 657.1 


10 519.0 
10 1.289 + 


10 
10 


444.4 
444.0 
10 1.018+ 0.041 
9.7 


9.8 


234.3 


348.1 


0.683 0.024 
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ber of worms recovered at autopsy, since any 
effects of crowding would more likely be due to 
the number of worms present rather than the 
number of larvae administered. However, the 
data from these two experiments could not be 
analyzed directly on the basis of the number of 
worms recovered, since the variation (e.g., in 
weight) was due not only to the number of 
worms present, but also to the suitability of 
individual rats as hosts for the helminths. Since 
the percent recovery within each species was 
apparently independent of the number of larvae 
administered (cf. table II), use of the latter 
value instead of the number recovered should 
not introduce serious error into the caleulation 
of the regression for each species. However, the 
percent recovery was not independent of the 
species. The overall mean percent recovery for 
H. diminuta was 91 percent, for M. dubius, 67 
percent. The average number of worms given 
in the concurrent infections (X) was therefore 
adjusted to account for this difference between 
species. For H. diminuta, X =5+10(67/91) 
12.4; for M. dubius, X =10+5(91/67) =16.8. 
In order to avoid complicating the analysis un- 
necessarily, the data for the two sexes of M. 
dubius were combined. Since the sex ratio did not 
depart significantly from a 1:1 ratio in any of 
the groups or experiments, it was concluded that 
this simplification would not introduce serious 
error into the analysis. 
The data that 
infection nor the number of larvae administered 


indicate neither concurrent 


length, and weight:length ratios of H. diminuta 


’ 


dubius. 


M. dubius 
M+S.E. 


VU. dubius females 
M+S.E 


males 


Range Rats Range 


8 
7 


.066 


2 
o 
‘ 


.024 


22.6 
+ 6.0 
0386 0.56 0.74 


+ 0.095 
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Percent of Gut Anterior to Attachment Point 
FicurE 2. Comparison of the effects of crowding 
and coneurrent infection with M. dubius on the 
intra-intestinal distribution of H. diminuta. 


affected the percent recovery of either species 
(table II), but that both affected the size, body 
form, and intra-intestinal distribution of the 
two helminths (table III, figures 2 and 3). 
Marked 
weights of individual H. diminuta recovered 


reductions were noted in the wet 
from rats given greater numbers of cysticer- 
coids. Tapeworms from rats given 10 eysticer- 
coids averaged only 68 percent of the weight of 
the tapeworms from rats given 5 eysticereoids; 
those from rats given 20 eysticercoids averaged 
only 36 percent of those from 5 cysticereoid in- 
fections (table III). The regression of average 
worm weight on the number of cysticercoids ad- 


TABLE IV. 


weight :length ratio of H. diminuta and M., dubius. 


10 Worm Single 


20 Worm Single 


7 | 


40 Worm Single 


rit | te 


Concurrent 


Percent of Worms 





i 
5 i) r+) zi) & 


Percent of Gut Anterior to Attachment Point 
FigurE 3. Comparison of the effects of crowding 
and concurrent infection with H. diminuta on the 
intra-intestinal distribution of M. dubius. 


ministered is highly significant (F =187). The 
average weight of individual tapeworms from 
with an 
number of worms as administered in the concur- 
rent infections was predicted to be 331.3 mg. A 
t-test showed a highly significant difference be- 


single-species infections equivalent 


tween this value and the observed mean weight 
(251.4 mg) of the tapeworms in the concurrent 
infections (table IV). 

Both male and female M. dubius showed the 
expected reductions in average wet weight in 
rats given greater numbers of cystacanths. Males 
were reduced to 91 percent (in the 20-cystacanth 
and 81 (in the 40-eysta- 


infections) percent 


Comparison of the effects of crowding and concurrent infection on the weight, length, and 
Values given are means + standard error of the mean. 





Predicted 
value 
(crowding) 


Regression 
Measure per 
feasur coefficient 


Hymenolepis diminuta 
Wet weight — 24.59 


9.90 
0.0377 


Length - 
Weight : length 


Moniliformis dubius 
Wet weight 2.25 
Length 0.86 
Weight : length 0.0099 


Observed value 
(concurrent 
infection) 


Signif. 
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canth infections) of their average weight in 10- 
cystacanth infections (table II1). The regres- 
sion of average worm weight on the number of 
cystacanths administered is highly significant 
(F=10.3). For a number of acanthocephalans 
total 
concurrent 


equivalent to the average number of 


worms administered in the infec- 
tions, the average worm weight was predicted 
to be 184.9 mg. This is significantly heavier (at 
the 1 percent level) than the observed mean 
(146.5 


from the concurrent infections (table IV). 


weight mg) of the acanthocephalans 

The lengths of individual H. diminuta from 
rats given greater numbers of cysticercoids were 
also markedly reduced. Tapeworms from rats 
given 10 cysticercoids were reduced to 85 per- 
cent, those from rats given 20 cysticercoids to 
67 percent, of the average length of tapeworms 
from rats given only 5 eysticereoids. The regres- 
sion of average length on the level of infection 
was highly significant (F = 50.4), For a number 
of tapeworms equivalent to the average total 
worms given in the concurrent infections, the 
(387.4 
larger than the observed length (322.6 mm). 


length predicted mm) is significantly 
The M. dubius were also reduced in length at 
the higher levels of infection, as indicated by 


(F =9.4) 


average M. dubius length on the number of ecyst- 


the hghly significant regression of 


acanths administered. However, within the 
sampling error, the average length observed in 
the concurrent infections was the same as that 
predicted by means of the regression equation. 

The form of the H. diminuta was markedly 
affected by crowding, as attested by the reduc- 
tions in the weight: length ratio of the tape- 
worms recovered from rats given the higher lev- 
els of infection. The regression of weight : length 
ratio on the numbers of cysticercoids adminis- 
tered is highly significant (F = 118). The average 
weght: length ratio of the H. diminuta in the 
concurrent infections did not differ significantly 
from the value predicted from the regression 
equation. 

The form of the M. dubius was also affected 
by crowding. The regression of weight: length 
ratio on the number of larvae administered was 
significant at the 5 percent level (F =5.8). The 
ratio predicted on the basis of the regression 


equation (1.153) was significantly greater than 


that observed in the concurrent infections. 
As the number of tapeworms within an indi- 


vidual rat increased, the distribution of their 
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attachment points spread posteriorly into zones 
occupied sparsely, if at all, in lighter infections. 
In the heaviest (20-cysticereoid) infections, the 
attachment points were spread uniformly over 
the anterior three-fourths of the intestine. In 
such infections, the strobilae occupied all of the 
small intestine posterior to the entrance of the 
bile duct, some worms even projecting into the 
This 


infections, and the 


caecum. posteriorly-directed spread in 


heavy range limitation in 
the concurrent infections (described above), are 
illustrated in figure 2. 

In the heavier infections, the M. dubius also 
spread, without extending their range of attach- 
ment points, into zones that had been sparsely 
occupied in the lighter infections. This spread- 
ing, noticeable only in the 40-cystacanth infee- 
tions, was primarily posteriorly-directed, but 
take 
place, as illustrated in figure 3. The limitaton of 


some anteriorly-directed spreading did 
the attachment points of the worms in the con- 
current infections to the more anterior part of 
their range is also indicated. 


DISCUSSION 


The reductions, in the concurrent infections, 
of the intra-intestinal distributions of M. dubius 
and H. diminuta, especially the latter, are 
among the most striking features of their inter- 
action. Although distributional limitations due 
to interactions between species have not hitherto 
been reported from endoparasitic helminths, 
examples of similar limitations are well known 
among free-lving organisms. Many examples, 
taken especially from the ants, have been re- 
viewed by Brian (1956). Where the interactions 
have been studied, the range limitations appear 
io be brought about by facultative predation by 
one of the species, or by competition for com- 
(1954, 
pp. 424-427) have generalized the results of 


mon resourees. Andrewartha and Birch 


laboratory experiments on interacting non- 
predator populations and natural situations in 
which predation is not involved, showing how 
two non-predatory species which require the 
same resources and have overlapping, but not 
identical, ranges might reduce each other’s dis- 
tribution with respect to some other environ- 
mental component. In Andrewartha and Birch’s 
model, two species with different temperature 
ranges compete for food in a series of situa- 
which 


tions compose a temperature gradient. 


The species with the higher innate capacity for 
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increase at lower temperatures would replace 
the other in the lower temperature situations in 
which they compete, the other would survive at 
the higher temperatures. The model can be 
adapted to situations in which only a single 
generation of each species is involved if there 
are differences in some other attribute (e.g., 
feeding efficiency) that wou!d be more immedi- 
ately effective than the capacity for increase. 
Such a “single generation” model might be 
with the between H. 
diminuta and M. dubius. This analogy suggests, 


analogized interaction 
but by no means proves, that the interaction of 
H. diminuta and M. dubius may involve compe- 
tition for required resources. 

The distributions of the attachment points 
of the 


larger numbers of worms give further support 


two helminths in the infections with 
to the hypothesis that the ranges in which they 
attach in the coneurrent infections are limita- 
tions of ranges occupied in single infections, not 
radical alterations or extensions of these ranges. 
Since the heavier tapeworms from the infections 
with smaller numbers of worms were infre- 
quently found in the posterior three-fourths of 
the intestine, it legitimately might be asked 
whether the effects of crowding and concurrent 
infection on H. diminuta might be due to fore- 
ing the tapeworms into submarginal regions of 
the intestine. If this were the case, one would 
expect to find a correlation between the attach- 
ment points of the tapeworms and their weight, 
length, or weight: length ratios. No such corre- 
lation was found in the data for worms from the 
20-eysticercoid infections, where it would be ex- 
pected to be the most evident. H. diminuta can 
apparently attach anywhere along the anterior 
three-fourths of the small 


intestine and get 


along very well. The only absolute requirements 


of a suitable attachment site appear to be: 1) 
it must be posterior to the bile duct, and 2) 
sufficiently anterior to the ileocecal juncture for 
the major part of the strobila to be within the 
small intestine. 

The data obtained on the distribution of the 
M. dubius support the concept of a “zone of 
viability” outside of which the acanthocephalans 
cannot Chandler, 
1941). Despite increased numbers of worms per 


survive (Burlingame and 
rat, the range in which the acanthocephalans 
attached was not extended. 

The effects of crowding are more marked on 
H. diminuta than they are on M. dubius, as in- 


dicated by the greater reductions in weight, 
length, and weight: length ratio at lower pop- 
ulations. A corresponding greater effect of con- 
current infection on the H. diminuta can be 
seen. The greater effect of both crowding and 
concurrent infection on the tapeworm might sug- 
gest that the same or similar mechanisms are 
involved. Alternatively, the presumably faster 
growth rate of the tapeworms may be more 
sensitive to environmental changes. 

The significantly lower weights of the two 
species in the concurrent infections from the 
weights predicted from the crowding data indi- 
cate that worms of both species are affected to 
a greater degree by the presence of a given num- 
ber of worms of the heterologous species than by 
an equivalent number of the homologous spe- 
cies. M. dubius averages considerably lighter 
than H. diminuta, even in the concurrent infee- 
tions; hence, a given weight of M. dubius af- 
fects the H. diminuta to a greater extent than 
an equivalent weight of other H. diminuta. The 
reverse may also be true. If X (the average 
number of larvae administered in the concurrent 
infections) 
greater average weight of the H. diminuta as 


were adjusted to account for the 


well as their greater recovery (by use of a factor 
equal to the ratio of the average weights of the 
two species in concurrent infections), the pre- 
dicted weight of the M. dubius would be 166.7 + 
2.5 mg. The difference between this predicted 
weight and that observed in concurrent infee- 
tions (146.5+10.5 mg) is of borderline signifi- 
cance (10 percent level). 

that the 
effect is 
competition for available carbohydrate (Read, 


In the light of present evidence 
mechanism underlying the crowding 


1959), the similarities noted above between the 
effects of crowding and those of concurrent in- 
fection are consistent with the hypothesis that 
the latter are due to competition, and suggest 
that carbohydrate may be involved. 
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SUMMARY 


Hymenolepis diminuta developing in the 


presence of Moniliformis dubius are lighter, 
shorter, have a lower average weight: length 
ratio, and are limited to the posterior part of 
the intra-intestinal range they occupy in single 
infections. M. dubius in the concurrent infec- 
tions are lighter, possibly shorter, have a lower 
average weight: length ratio, and tend to at- 
tach further anterior than in single infections. 
No effects were noted on the percent recovery of 
either helminth. 

Highly significant regressions of the wet 
weight, length, and weight: length ratio of H. 
diminuta and M. dubius on the number of larvae 
administered in single infections have been dem- 
onstrated. The weight and length of the H. 
diminuta, and the weight and weight: length 
ratios of the M. dubius, from coneurrent infec- 
tions were significantly lower than values pre- 
dicted for with a 
comparable number of worms. In crowded sin- 


single-species infections 
gle-species infections, the distribution of attach- 
ment points of the H. diminuta is extended to 
include the anterior three-fourths of the in- 
testine; in concurrent infections the tapeworms 
are limited to the posterior part of this range. 
Under crowded conditions, the M. dubius ex- 
tend their linear intestinal distribution only 
slightly, all of the acanthocephalans attaching in 
the anterior half of the small intestine; in con- 
current infections the acanthocephalans tend to 
be limited to the anterior part of this range. 

The distributional limitations in concurrent 
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infections and the similarities between the 
effects of concurrent infection and crowding 
suggest that similar mechanisms, i.e., competi- 
tion, possibly for carbohydrate, may be involved 
in the production of the effects of concurrent 
infection. 
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ELECTRON MICROSCOPE OBSERVATIONS OF THE INTEGUMENT, 
FLAME CELLS, AND GUT OF SCHISTOSOMA MANSONI 


ALFRED W, Sener, DetBert E. PHiLport AND ARNOLD H. PELOFSKY 


Marine Biological Laboratory, Woods Hole, Massachusetts 


An electron-microscope investigation of the 
ultrastructure of certain portions of the human 
schistosome, Schistosoma mansoni, was under- 
taken in the hope of correlating the discovered 
structure with the physiology of these flukes. 
The information thus derived holds promise of 
shedding some light on the methods of absorp- 
tion of nutrients and exeretion of waste prod- 
ucts which are employed by these trematodes. 


METHODS 


Adult male and female S. mansoni worms were 
recovered from the portal system of white mice 
which had previously been infected with a Puerto 
Rican strain, or, alternatively, with a laboratory- 
reared strain of S. mansoni cerecariae. The method 
of recovery of these parasites from the mice did 
not differ significantly from that previously de- 
scribed (Senft and Weller, 1956). The worms were 
placed in 1 percent osmium tetroxide in mam- 
malian Ringer’s solution (Palade, 1952) within 
moments after removal from the vein. In a few 
cases, worms which had been maintained for about 
2 weeks in a holidie (i.e., chemically defined) 
medium were fixed and sectioned so that obvious 
gross degenerative changes in the integument could 
be compared to normal worms. 

Heavy metal staining in the osmie acid solu- 
tion was followed by progressive dehydration 
through ethanol series of 20, 50, 70, 95, and 100 
percent aleohol. Finally, the specimens were em- 
bedded in a 3:1 mixture of n-butyl-methyl-metha- 
erylate (Newman et al, 1949), or in Vestopal 
(Ryter and Kellenberger, 1958). One-twentieth to 
one-fortieth micron sections of the schistosome 
material were cut with a diamond knife (Fer- 
nandez-Moran, 1953) on a special microtome (Phil- 
pott, 1955) and then studied on an RCA EMU-2B 
electron microscope. 


RESULTS 


External structure. Views of the integu- 
mentary structures are shown in figures 1 to 3. 
It will be seen that the outer covering consists, 
generally, of a darkly staining, highly frondular 
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and vacuolated substance which is penetrated 
periodically by projecting spines or setae. The 
outer integumentary substance is probably very 
soft, since we have noted that red blood cells, 
lying adjacent to it, appear to compress this 
layer so it conforms to the outline of the RBC. 
Poorly fixed worms, or those degenerating in 


artificial culture, show maceration and shred- 
ding of the outer layer. When male and female 
schistosomes are fixed while still in copula, one 
is likely to find that the female integument is 
damaged and shredded off from the basement 
muscular layer, while the male integument is 


well fixed and intact. 

We have observed a great variation in ap- 
pearance of the integument. On occasion, it is 
relatively smooth (fig. 2a), sometimes highly 
serrated (fig. 1b), and exhibiting many sub- 
surface vacuoles whose contents were probably 
removed in the dehydration and embedding pro- 
cedures. Other sections (figs. la and 2b) fail to 
show more than an amorphous layer which is 
filled with cheese” 
Immediately under the outer layer a clear os- 


numerous “Swiss lacunae. 
miophobie corrugated basement membrane is 
noted (os, fig. la). The cuticular spines rest on 
this layer. These spines have little visible in- 
ternal structure, although fine, lamellar plate- 
like ecross-striations* can be noted in figure 2b. 
Setae of female worms are less dense than those 
of the male. 

Underneath the osmiophobie basement mem- 
brane, various muscle bundles are noted (fig. 
la). These are arranged in circular and longi- 
tudinal fashion. In some views small bundles of 
musele are seen subjacent to the membrane in 
which the cuticular spines are embedded (fig. 
2b). Muscle fibers attached directly to the spines 
have not been observed. A few breaks which one 
occasionally observes in the subintegumentary 
muscle structures suggest channel-like openings 
to the surface of the integument. It is not clear 


* Also shown by Dr. Bang, unpublished ob 
servations. 
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from these studies whether these are actually 
functional openings or just artifacts. 

In the deeper subintegumentary regions, col- 
lections of strongly osmiophilic droplets con- 
gregate in groups of 15 to 30 (fig. 3a). Ocea- 
sionally, these are seen as individual droplets, 
and often as diserete rosettes. Larger, less 
darkly staining droplets are noted in the vicinity 
of the dark osmiophilic droplets. Pear-shaped 
cells with dark nucleoli and long processes (fig. 
3b) are shown in the deeper region. These sug- 
1904 
line drawing by Hein, reproduced in figure 4. 

Flame-Cells. 


have bundles of cilia, generally about 40 to 80 


gest the “epithelializing cells” seen in a 


Flame-cells characteristically 
in number, and regularly arranged so as to form 
a central mass in an open cavity (fig. 5a). As 
seen in figures 3a, 5a, and 6a, a flame-cell lumen 
surrounds the central tuft of cilia. This lumen is 
the proximal cone-like end of a flame-cell eapil- 
lary which empties into a larger collecting tu- 
bule. The lumen around the bundle of cilia ap- 
pears to be kept patent by several rows of stiff- 
ening rod-like structures which themselves are 
joined by a thin, almost invisible membrane 
(fig. 
flame-cell (fig. 6b) the rods no longer are ar- 


6a). As one sections distally down the 


ranged in stockade fashion but become dis- 
placed laterally. 

As has been previously reported in other 
species (Fawcett and Porter, 1954), the indi- 
vidual cilium is a structure containing ten 
double fibrils. The two central fibrils are regu- 
larly oriented and surrounded in the usual way 
by a ring of nine osmiophilic double fibrils. 
thin 


membrane. Cilia which no longer show their 


These fibrils, in turn, are enclosed in a 


central fibrils (fig. 6a) have been sectioned near 
the point of attachment to the cell from which 
the cilium arises. Conical rootlets in the “mother 
eell” can be seen on the oblique view of the 
flame-cell (fig. 5b). A thin basal plate which 
differentiates the cilium from its rootlet is also 
seen in this view (ep, fig. 5b). 

Four concentric longitudinal bundles of mus- 
cle fibers surrounding and lying adjacent to the 
middle third of a flame-cell (fig. 6b) are noted. 
Distal to the flame-cell, the lumen 
within a thin-walled collecting tubule, in which 
a steadily decreasing number of cilia are found 
(figs. 7a and 7b). At this level, a number of 
septae and filaments project out from the wall 
of the collecting tubule (fig. 7b); these filaments 


continues 


arise from small papillae along the wall of the 
collecting tubule. 

Gut. 
figure 8. In these micrographs the fibrillar sur- 


Views of the gut are presented in 


face of the gut endothelium is clearly evident. 
Close inspection of figure 8a will demonstrate 
a basement membrane from which the fibrils 
appear to arise. Figure 8b illustrates spherical 
droplets, which may be nutrients being en- 
trapped or engulfed by these fibrils. The micro- 
villae shown in figures 8a and 8b appear to 
arise from the base of the mucosal layer, at a 
point just above the muscular layers. Mito- 
chondria (arrow fig. 8b) are frequently seen in 


the submucosal layer. 


DISCUSSION 

It is hazardous to speculate extensively on 
the mechanisms of nutrition and excretion based 
entirely on histologie evidence. However, a few 
proposals based on these electron micrographs 
might serve the useful purpose of stimulating 
further work which will substantiate or refute 
such postulates, 

The integument. It appears likely that the 
integument, i.e., the material external to the os- 
miophobie membrane, is a vast spongy layer 
which may have a twofold purpose of protection 
This acellular 


amorphous covering which is easily torn away 


and absorption. layer is an 
(during specimen preparation) from the base- 
ment membrane which lies below. It is quite 
possible that the outermost portion of the in- 
tegument is an exudation from glands in the 
body of the schistosome. The presence of “glob- 
ules” of osmiophilic substance near the surface 
of the worm suggests this. In worms which have 
been kept in an artificial culture medium for 
some weeks, a clear transparent substance ap- 
pears to ooze out at intervals along the length 
of the worm (Senft, unpublished observations), 


particularly around the suckers and at the 


caudal portion of the body. This substance col- 
leets in the form of minute droplets which grad- 
ually coalesce into larger globules. We have 
felt that this evidenced a necrobiosis which re- 
sulted from inadequate feeding of the schisto- 
somes in our artificial medium. Somehow, the 
improper culture medium allows the escape of 
this substance (which we have presumed to be 
lipid in nature). 

Reference to Hein’s (1904), 
leads one to believe that the periodic breaks 


monograph 
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shown in his line drawing of the cuticle of Am- 
phistomum conicum are similar in kind to what 
we observed in S. (fig. 2b). Hein 
thought that the cuticle is a product of epithelial 
gland cells which have sunken beneath the mus- 
cular layer. The integument could be deposited 
at the surface along fine protoplasmic tendrils 


mansoni 


of the cells themselves or via intercellular chan- 
nels. Our pictures do not conclusively show that 
protoplasmic extensions (as shown in fig. 4) 
are the method of deposition of the integument 
in the schistosome. However, cells of special 
structure resembling his drawing were observed 
(fig. 3b). 

Portions of schistosomes can survive for pro- 
longed periods of time (up to several weeks) 
(Senft and Weller, 1956) in artificial medium. 
Even worms whose anterior parts have been am- 
putated exhibit somatic movements and peristal- 
sis similar to those of the intact animal. Since 
oral ingestion of food in these cases has been 
ruled out, there is, at least, some ability to main- 
tain the nutrition by trans-integumentary ab- 
sorption, rather than by dependence on inges- 
tion of particulate nutrients. In these electron 
micrographs, the multi-vacuolated appearance 
of the integument suggests that a huge surface 
is available for absorption. An obvious test of 
this radio-autographie 
studies of the integument. It should be possible 
to determine whether glucose, lipids, and amino 


hypothesis would be 


acids are actively transported across this sur- 
face. If such is the case, the presumed external 
location of critical enzyme systems for the trans- 


port of such nutrients could point to a more 


approach in the therapy of schisto- 
Bueding 


rational 
somiasis. Extending the work of 
(1959), blocking agents might be found which 
could inhibit the transfer of important nutrients 
across such a surface absorptive area. 

The flame-cell system. The exact physiol- 
ogy of a flame-cell is not yet fully understood. 
However, there seems to be growing agreement 
(Martin, 1957) that the beating action of cilia 
sauses a distal of fluid within the 
flame-cell lumen. Such motion is thought to pro- 
duce enough pressure differential so that filtra- 


movement 


tion through the flame-cell membrane could 


oceur. 

The main points of contention appear to be 
whether the flame-cell protonephridium actually 
secretes wastes and actively resorbs salts and 
We have no evidence which 


nutrients. new 


denies the possibility of active transport of such 
solutes; but we have not recognized specialized 
secretory cells in the flame-cell system which 
might have such a role. It is possible that the 
filaments which project from the collecting tu- 
bule wall (fig. 7b) could have a resorptive fune- 
tion. 

In our view, the adult schistosome, being 
constantly bathed in a moving physiological 
solution (serum), would not have the problem of 
conservation of fluids or solutes and thus would 
have no need for specialized secretory or resorp- 
tive “kidney” cells. Our concept is that the 
flame-cell acts primarily as a pump which keeps 
the total body fluid of the schistosome in motion. 
Such fluid would presumably enter the body 
from the surface via numerous integumentary 
pores, or from the gut. It would then circulate 
in the intercellular spaces and leave via the 
flame-cell system. The thin membrane (seen in 
fig. 6a), which is supported by the “stiffening 
rods” of the flame-cell, is likely to be highly per- 
fluid 


metabolic waste products) would readily pass 


meable. Schistosome body (containing 
this membrane and then be moved mechanically 
by ciliary activity to the outside environment. 
Kiimmel’s study (1958) of the flame-cell sys- 
tem of F’. hepatica shows considerable similarity 
in gross structure of flame-cells to those of the 
felt that 


for a secretory function of the tubules of the 


schistosome. Kiimmel also evidence 
protonephridia was lacking. 

In apparent contrast to Kruidenier’s report 
(1959) on cereariae, the collecting tubule of 
the adult schistosome is not entirely smooth- 
walled, but has a number of lamellae or septee 
(fig. 7a). The function of these lamellae is not 
known at present; however, it is possible they 
serve to strengthen the wall of the tubule. 


SUMMARY 


Electron micrographs of sections of the in- 
tegument, body tissue, flame-cells, and gut of 
the human blood fluke Schistosoma mansoni are 
presented. The photographs illustrate the varie- 
gated, highly irregular surface of the schisto- 
some. Postulates regarding the function of the 
integument and suggestions for future work 
which needs to be done are given. The flame-cell 
is shown to be composed of large bundles of in- 
dividual cilia suspended within a membranous 
cone-like enlargement of the capillary of the 
excretory system. Speculations regarding the 
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possible function of the flame-cell are made. 
Photographie evidence showing a fibrillar mem- 
brane of the gut endothelium is presented. The 
illustrations appear to show that particulate 
matter is engulfed by inclusion or by being sur- 
rounded by such fibrils. 
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PLATES 


PLATE I 


a. Integument of a male schistosome x 16,000 (methacrylate). 


osmiophobic basement membrane (os). 
to this membrane. 
b. Integument x 10,000 (methacrylate 


Note clear 


Integumentary spines rest on 


Cireular and longitudinal musele layers are subjacent 


vacuolated zone. Contents of this laver 


may have been removed in processes of specimen preparation. External layer appears cell-free. 


PLATE 


a. Integument x 10,000 


b. Cuticular spines 


(vestopal). Cuticular knob is illustrated. 
integument is as compared to plate I, figure a. 


IT 


Note how thin external 


x 28,000 (vestopal). Note extremely fine cross-striations in spines. 
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PLATE III 
a. Flame-cell and deep body structures x 5,150 (methacrylate). Note presence of large and 
small globules of darkly staining substance. Flame-cell showing mother cell, lumen, and cilium 
rootlets. 
b. Epithelializing cells (?) x 7,500 (vestopal). Note long tendrils and processes emerging 
from each cell. Integument is shown at upper right. 


PLATE IV 


Epithelializing cells after Hein (1904). Note Hein concept that trematodes deposit the external 
integument via long tendrils of epithelial cells which have sunk beneath the muscle layer. 


PLATE V 
a. Flame-cell x 45,000 (methacrylate). Dotted line indicates approximate orientation of indi 
vidual cilia. Stockade (st) is shown to have 2 or 3 concentric rows of rods. 
b. Oblique view of a flame-cell x 36,750 (methacrylate). Rootlets of cilia originating in the 
mother cell are shown. Basal plate (ep) separating cilium from its rootlet is indicated. 


PLATE VI 
a. Flame-cell x 27,000 (methacrylate). “Stockade” and thin membrane joining individual 
members clearly shown. Cilia sectioned at their proximal end, near point of attachment to 
mother, cell, do not show central fibrils; those sectioned more distally have central fibrils. 
b. Flame-cell x 16,000 (vestopal). “Stiffening rods” appear displaced laterally as one sections 
caudally. Four longitudinal bundles of muscles (mm) are found in close proximity to flame-cell 
wall. 

PiatE VIT 
a. Collecting tubule x 21,800 (methacrylate). Note lamellar wall structure. 
b. Large collecting tubule x 16,000 (methacrylate). Fibrils arise from small hillocks along 
wall of the collecting tubule. Mitochondria seen at the upper right. 


PLATE VIII 


a. Gut x 17,800 (vestopal). Fibrillar surface of gut endothelium clearly shown. Fine network 
of what appears to be tubules near muscular border. A number of mitochondria just below the 
fibrils. 

b. Gut x 41,000 (vestopal). The process of absorption of nutrients is indicated in this view. 
Material to be digested is entrapped between fibrils and then sinks into the gut endothelium. 
[atense enzymatic activity suggested by the presence of many mitochondria (M) in this layer. 
Small tubules again seen just above muscle layer (lower left). Abundant “Palade particles” 
or ribonucleic proteins (RNP) are rather uniformly scattered throughout the subendothelial 
region. 
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PLATE I 
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PLATE II 
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PuateE III 
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PLate V 
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PiaTE VII 
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Puate VIII 
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RESEARCH NOTE 


PSEUDOCHOANOTAENIA (CESTODA) IN A CHIMNEY SWIFT 
(CHAETURA PELAGICA) IN NORTH AMERICA. 


A chimney swift, Chaetura pelagica, examined in May 1960 at Lineoln, Nebraska, was in 
fected with several specimens of a tapeworm identified as Pseudochoanotaenia collocaliae Burt, 
1938. This species was first known from Ceylon where it oecurs in the edible-nest swiftlet, 
Collocalia unicolor unicolor. Baer (1959, Expl. Pare Nat. Congo Belg. fas. 1: 1-163) has re 


ported this same species from the African swift, Apus caffer streubeli, in the Congo. 
Six specimens with scolices and several additional portions of strobilae were recovered. 
Measurements are slightly larger than those of Burt’s specimens, but smaller than recorded by 


Baer for African specimens. The unarmed character of the scolex was confirmed. The host was 
freshly killed and living cestodes collected immediately. They show no trace of hooks or spines. 
The rostellar sac is glandular with at least two kinds of cells. The rostellum projects not as an 
evagination but as a protrusion of the rostellar sac. A specimen from our collection has been 
deposited in the U. 8. National Museum (Helminthological Collection No. 39457) 

Jones (1960, As. 8S. E. Biol. Bull. 7: 31) has recently reported a species of Notopentorchis 
from the chimney swift in Tennessee. This genus was also named by Burt (1938, Ceylon J. Sci. 
B 21: 15-20) for a species, N. collocaliae, from the swift, Collocalia unicolor, in Ceylon. Baer 
(loe cit.) reports Notopentorchis javanica (Huebscher, 1937) Baer, 1959, from a swift in the 
Congo. He considers N. collocaliae Burt, 1938, N. micropus Singh, 1952 (from India), and 
Sphaeruterina caffrapi Mokhehle, 1951, to be synonyms. 

The host specificity of these two genera of tapeworms limited to swifts is accompanied by 
a remarkable discontinuity of geographical distribution. It emphasizes once again the signifi 
cance of host affinities in this group of parasites. The present lack of contact between swifts 
of Ceylon and of North America makes it clear that the cestodes must reflect ancient conditions 
when ancestors of these birds and tapeworms were sympatric. The Pseudochoanotaenia species 
and probably the Notopentorchis species have remained practically unchanged from that 
ancient time, or changes have occurred in the same directions in all the localities. The former 
possibility seems more likely —H. W. MANTER AND RAYMOND Snyper, University of Nebraska, 
Lincoln. 


RESEARCH NOTE 
SOME PARASITES OF OREGON AND WASHINGTON VERTEBRATES. 


During 1958, 1959 and 1960, a number of vertebrates were examined from Oregon and 
Washington for parasites. This report covers a portion of the parasites recovered. The 59 host 
animals included in this paper are 6 brush rabbits Sylvilagus bachmani (Waterhouse), 2 com 
mon striped skunks Mephitis mephitis (Schreber), 2 red-shafted flickers Colaptes auratus cafe 
(Linnaeus), 1 hairy woodpecker Dendrocopos villosus (Linnaeus), 8 killdeer Charadrius vocif 
erus (Iyinnaeus), 15 western toads Bufo boreas (Baird and Girard), 16 rough-skinned newts 
Taricha granulosa (Skilten), and 9 mountain whitefish Prosopium williamsoni (Girard 

One species of flea, four species of flukes and three species of tapeworms are given. New 
host records are designated with one asterisk (*) and new distribution records are designated 
with two asterisks (**). 

TREMATODA: Gorgoderina aurora (Ingles 1936) from the urinary bladder of 1 of 15 B. 
boreas* from Oregon.** 

Brachycoelium salamandrae (Froélich 1789) from the intestine of 2 of 16 aquatie T. 
granulosa, Coos Co., Oregon. 

Telorchis sp. from the intestine of 1 of 16 T. granulosa.* Only one fluke was recovered 
from one of five newts taken from a small lake near Santiam Pass, Jefferson Co., Oregon.** 

Cainocreadium (= Podocotyle) shawi (McIntosh 1939) from the intestine of two of nine 
P. williamsoni,* Metolius River, Jefferson Co., Oregon. 

CESTODA: Oschmarenia (Inversa) oklahomensis (Peery 1939) from the intestine of two of 
two M. mephitis, Benton Co., Oregon.** 

Liga punctata (Weinland 1857) (= Fuhrmannia brasiliensis, Parona, 1901) in two of two 
C. a. cafer and one of one D. villosus* from Benton Co., Oregon.** 

Progynotaenia americana (Webster 1951) from six of eight C. vociferus from Benton, 
Coos and Deschutes Counties in Oregon** and Grays Harbor Co. in Washington.** 
SIPHONAPTERA :—Cediopsylla inaequalis inaequalis (Baker 1895) from six of six S. bach 
mani* from Coos Co., Oregon.** 

This work was carried out in the laboratory of Dr. Ivan Pratt and was supported in part 
by U.S.P.H.S. Grant E 867(C3). (Published with the appraisal of the Oregon State College 
Monographs Committee. Research Paper No. 387.)—NorMAN F, WEATHERLY AND ALBERT G. 
CANARIS, Oregon State College, Corvallis, Oregon. 





A NEW SPECIES OF BUCEPHALOIDES (TREMATODA: 
BUCEPHALIDAE) FROM THE SOUTHERN FLOUNDER 
OF THE LOUISIANA COAST 


KENNETH C. CorRKUM 


Department of Zoology, Physiology and Entomology, Louisiana State University, Baton Rouge 


Examination of 108 southern flounders, 
Paralichthys lethostigma Jordan and Gilbert, 
from Barataria Bay, Louisiana, revealed that 44 
were infected with a small gasterostome of the 
genus Bucephaloides. The number of worms 
varied from 1 to 30 per host intestine. They 
were fixed in aleohol-formalin-acetie acid, 
stained with Mayer’s carmalum and mounted in 
balsam. The following diagnosis is based on 10 


specimens. Measurements are given as averages 


followed by ranges in parenthesis, and are in 


millimeters. 


Bucephaloides paralichthydis n. sp. 


Diagnosis: Body ovoid, spinose, 0.689 (0.5 to 
0.9) long, 0.259 (0.16 to 0.37) wide at level of 
rhynchus which is terminal, sucker-like, 0.15 (0.10 
to 0.17) long and 0.16 (0.12 to 0.20) wide. Mouth 
surmounted by lip-like oral lobe. Pharynx posterior 
to level of mid-body, 0.045 (0.041 to 0.053) in 


diameter. Esophagus short, passing dorsad to enter 


posterior region of saccular gut. Length of intes- 
tine not more than three or four times the diameter 
of pharynx. 

Testes tandem or diagonal, in posterior one 
third of body. Anterior testis in tandem with 
ovary, separated from it by ootype and Mebhlis’ 
gland. Posterior testis near mid-line, in contact 
with anterior testis. Testes average 0.073 in diam- 
eter. Seminal vesicle in proximal end of cirrus 
pouch, 0.053 (0.048 to 0.083) long, 0.040 (0.023 to 
0.047) wide. Cirrus pouch 0.16 (0.12 to 0.24) long, 
0.044 (0.035 to 0.055) wide and extending from 
ventral, subterminal genital pore to level of pos- 
terior testis. Genital tongue present. 

Ovary on right, opposite or anterior to phar- 
ynx, 0.062 (0.041 to 0.085) in diameter. Laurer’s 
canal opens near mid-line. Vitellaria a cluster of 
follicles on each side, confined to region between 
intestinal level and posterior margin of rhynchus. 
Left vitelline duct crosses body posterior to phar- 
ynx to unite with much shorter right duct to form 
vitelline reservoir. Uterus extends anteriorly from 
ootype, with most of its coils to the left of mid-line 
between pharynx and rhynchus. Eggs operculated 
but not embryonated, 0.029 (0.027 to 0.032) long, 
0.014 (0.013 to 0.016) wide. 

Exeretory bladder saccate, 
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extending ante- 




















FigurRE 1. Bucephaloides paralichthydis n. sp. 
from Paralichthys lethostigma. Ventral view. 
Drawn with the aid of a camera lucida. Abbrevia- 
tions: as, anterior sucker (rhynchus); ¢s, cirrus; 
exb, excretory bladder; gp, genital pore; i, 
tine; mg, Mehlis’ gland; 0, ovary; ph, pharynx; 
pp, pars prostatica; sv, seminal vesicle; t, testis; 
v, vitellaria; vtd, vitelline duct. 


intes- 
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riorly to level of intestine. named after the host. B. paralichtydis differs 
of. > ; > ots 7 » so . . 
Host: Paralichthys lethostigma. from B. bennetti in being a much smaller species 
Location: Intestine. ? 


Locatlity: Barataria Bay, Louisiana. j 
U. S. National Museum, U.S.N.M. _ tensive uterus, and much larger eggs. The new 


with a proportionately larger rhynchus, less ex- 
Holotype: 

No. 59517. species resembles most closely B. caecorum Hop- 
kins 1956, but differs from it in possessing an 

DISCUSSION oral lobe, a smaller pharynx, larger eggs, vitel- 


Melugin (1940) reported, but did not de- laria that do not extend as far anteriorly, and 


scribe Bucephalopsis bennetti from the southern 
flounder. Hopkins and Sparks (1958) deseribed LITERATURE CITED 
what they regarded as a conspecific form and 


a rhynchus that is wider than long. 


é Hopkins, S. H. Anp Sparks, A. K. 1958 A new 

renamed it Bucephaloides bennetti. The present species of Bucephaloides (Trematoda: Bu 

study indicates, however, that there are two dis- cephalidae) from a marine fish of Grand Isle, 
Louisiana, J. Parasit., 44: 409-411. 

MELUGIN, J. 1940 Studies on marine fish trema- 

Melugin and the one dealt with by Hopkins and mrt on tcaecayg g : gwd oe 

Sparks. The former is herein described and (ns.): 89. 


tinct species occurring in the southern flounder 
of Louisiana. Namely, the one reported by 


RESEARCH NOTE 


INTRAVENOUS INOCULATION OF THIRD-STAGE LARVAE OF METASTRONGYLUS 
SPP. AND IMPLANTATION DIRECTLY INTO SWINE LUNGS. 


It has been demonstrated that Dictyocaulus viviparus find their way into the lungs of 
calves after subcutaneous injection into the cervical, flank and gluteal regions. (Wade and 
Swanson, 1958, Am. J. Vet. Res. 19: 792-793). Metastrongylus spp likewise establish in swine 
lungs after injection of third stage larvae into the blood stream or implantation directly into 
the bronchioles. 

Two six-week-old pigs which had not been exposed previously to lungworms were given 34d- 
stage larvae of Metastrongylus spp. One pig was administered approximately 2000 larvae via 
the anterior vena cava. About 2000 infective larvae were introduced into the bronchi of the 
second pig via a tube which was inserted through an incision in the trachea. The pigs were 
maintained in a concrete-floored room to preclude their exposure to earthworm immediate hosts. 

Numerous adult lungworms were found in each of the pigs at necropsy, 27 days following 
inoculation. This brief experiment demonstrates that 3d-stage larvae of Metastrongylus spp. do 
not require action of gastric juice or intestinal secretions as a prerequisite of parasitism. 
—GEORGE W. KELLEY, Jr., University of Nebraska, and DoveLas Krovus, Veterinary College, 
Kansas State University. (Published with the approval of the Director of the Nebraska Agri- 
culture Experiment Station as paper No. 1068.) 





A NEW CERCARIA FROM AN ANNELID* 


Larry C. OGLEsSBy** 


Department of Biological Sciences, Florida State University, Tallahassee 


A new cerearia, probably belonging to the 
family Aporocotylidae, has been found develop- 
ing in rediae in the coelom of the polychaete 
annelid Amphicteis gunneri floridus Hartman 
(Ampharetidae). Infection occurred in one in- 
dividual of this species in a collection taken in 
February 1960, from the estuary of the Apa- 
lachicola River in northwestern Florida. Five 
additional specimens of A. gunneri floridus were 
found in the same location in June and July; 
one of these was parasitized. Only two species 
of digenetic trematodes which use annelids as 
first intermediate host have been reported: Cer- 
carta loossi Stunkard, 1929, from the coelom of 
the serpulid polychaete Eupomatus dianthus 
(Verrill) (also known as Hydroides hexagonus 
(Bose) and H. dianthus (Verrill) ), in the Woods 
Hole region, Massachusetts (Linton, 1915a; 
Stunkard, 1929; Martin, 1944a; Rankin, 1946) ; 
and Cercaria hartmanae Martin, 1952, from 
the coelom of the terebellid polychaete Lanicides 
vayssierei (Gravier), dredged from near Ross 
Island, Antaretica (Martin, 1952). The present 
cercaria is herein deseribed as Cercaria amphic- 
teis n. sp. 

Both living and preserved rediae and cer- 
eariae were studied. Neutral red was used to 
facilitate study of living specimens. Material 
was fixed in hot formalin according to Talbot’s 
(1936) method, or in aceto-formol-alcohol 
(AFA); some specimens were stained with 
Semichon’s acetocarmine. Measurements are in 
millimeters and are given as averages, with 


ranges in parentheses, of 15 formalin-fixed 


specimens. 

It is a pleasure to acknowledge the many 
helpful comments and suggestions given freely 
by Drs. Robert B. Short, who directed this 
study, and Rhodes B. Holliman. 


Received for publication July 25, 1960. 

* This investigation was conducted during the 
tenure of a National Science Foundation Coopera- 
tive Fellowship. 

** Present address: Department of Zoology, 
University of California, Berkeley, California. 


DESCRIPTION 


Cercaria (figs. 1,2): Apharyngeate monosto- 
mate. Body slender, cylindrical; length 0.100 (0.078 
to 0.127); width 0.015 (0.013 to 0.017). Anterior 
of body with five circlets of small spines, varying 
in number from about 20 in the first circlet to 36 
in the last. Body otherwise unornamented. Tail 
straight, slender, nonfureate, about four-fifths 
body length; length 0.081 (0.070 to 0.097) ; width 
0.011 (0.009 to 0.013). Basal portion of tail with 
two median rows of setae, one dorsal, the other 
ventral; setae of two types, composed of 4 to 7 
long, delicate hairs and 7 to 8 heavier, shorter, 
bristles on each surface. Lateral clear areas of 
tail often wrinkled, resembling thick fin-folds in 
living specimens, appearing thinner in fixed ma- 
terial. Head organ constant in size, regardless of 
amount of contraction of body, delimited poste 
riorly by a membrane; length 0.027; width 0.013; 
usually with a slight constriction just behind last 
circlet of spines. Ten penetration glands in two 
lateral groups of five each, entirely within head 
organ, staining darkly- with neutral red. Duct 
openings terminal, lateral to terminal mouth, Esoph 
agus slender, extending posteriorly for about 
three-fifths to four-fifths body length, widening 
somewhat before entering four-pocketed caecum. 
No genital rudiment observed. Vacuolated mass of 
cells, large and indistinct, in posterior half of 
body. Exeretory bladder spherical, dorsal, pulsat- 
ing rhythmically ; with two anteriorly directed col- 
lecting ducts, each connected by smaller tubules 
to two small flame cells; one duct considerably 
longer than the other, so that the flame-cell ar 
rangement is asymmetrical, with the four flame 
cells in a median row along the ventral side of the 
body. Single exeeretory duct extending posteriorly 
from bladder, opening through a vesicle at tip of 
tail. Nucleated portion of tail with seattered small 
refractile bodies. Body markedly curved ventrally, 
especially in resting position (fig. 2). Swimming 
accomplished by rapid and jerky dorso-ventral 
undulations of the otherwise straight tail. Cerearia 
not responsive to light. 

Redia (fig. 3): All rediae observed 
ently of same generation. Fixed rediae of various 
shapes, most often with an attenuated anterior 
end; body filled with cercariae and embryos; 
length 0.455 (0.255 to 0.637); width 0.119 (0.087 
to 0.178). Body wall muscular, with numerous fine 
spines. Mouth subterminal. Pharynx subcircular, 
0.003 in diameter. Gut saccular, easily seen in fixed 
and living specimens, often filled with brown gran- 
ular material; length 0.117. Birth pore terminal, 


appar- 
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adjacent to mouth. Each redia with about 30 to 50 
cereariae, which were often very active and which 
emerged in a curved position with the middle 
of body first. Well over 50 rediae in each of the 
two polychaetes, congregated towards the anterior 
end of the host and easily visible against the dark 
brown of the host’s gut. (From one host most rediae 
emerged through the ventral body wall, possibly via 
; none emerged from the other.) 
both and outside host, 
stretching and contracting, and attaching to the 
substrate with the pharynx used as a sucker. 
Host: 
Locality e 


pores (gonopores? 


Rediae very active inside 


Amphicteis gunneri floridus Hartman. 
Estuary of Apalachicola River at 
Apalachicola, Franklin County, florida. 

Type Specimens: Two slides of rediae and cer- 
National Museum, No. 59512. 
Other specimens in author’s collection and helmin 
collection of the Florida State 


eariae in U. S. 
thological Uni 
versity. 


DISCUSSION 


Amphicteis gunneri floridus, the host of Cer- 
caria amphicteis, is a member of the sedentary, 
tubicolous family Ampharetidae, which is 
closely related to the Terebellidae, the family 
to which Lanicides vayssierei, the host of Cer- 
caria hartmanae, belongs. Serpulidae, the fam- 
ily of Eupomatus dianthiis, which is the host of 
Cercaria loossi, is also sedentary and tubicolous. 
Amphicteis gunneri (Sars), the stem species of 
A. gunneri floridus, has been found in such 
regions as the Arctic sea, the North Atlantic 
Ocean, the Mediterranean Sea, Japan, and Ant- 
arctica, mid-Atlantic Ocean at a 
depth of 2750 fathoms (Fauvel, 1927); Hart- 
man (1951) considered the species to be ¢os- 


(1958), 


and in the 


mopolitan in colder waters. Fauvel 


however, recorded the species from tropical 


areas along the West African coast, including 
Dakar, Liberia, and the Congo. The subspecies 
A. gunneri floridus is known to date only from 
the Florida Gulf of 
brackish waters, being found in estuaries and 


coast of the Mexico, in 


river mouths, often in considerable numbers. 
It has been collected from St. Andrew Bay, the 
Apalachicola River, the Ochlockonee River, the 
Steinhatchee River, the River, and 


Lemon Bay (Carpenter, 1956; Hartman, 1951; 


Suwanee 


M. L. Jones, personal communication; author’s 
collections). 

In contrast to the 
dianthus and L. 


habitats of ZF. 
vayssierei, the habitat of A. 


marine 


gunneri floridus where collected from the Apa- 


lachicola River is unusual in that it is essen- 


tially a fresh-water marsh, with fresh-water 


plants and animals common, as well as more 


typically estuarine molluses and arthropods. 
The salinity of the water is very low due to the 
small tidal range (1.0 foot) and the great dis- 
charge from the river, the largest entering the 
Gulf of Mexico east of the Mississippi River. 
The salinity varies from lower than 0.04 parts 
per thousand (fresh water) in January to no 
higher than 9.0 (oligohaline) in June (Dawson, 
1955; author’s observations). 

Cercaria amphicteis in its anatomical char- 
acters most resembles the cereariae known for 
members of the family Aporocotylidae, the fish 
blood flukes. 
may be referred to the Aporocotylidae: C. loossi 
Stunkard, 1929, from the polychaete F. 
thus, Woods Hole; C. hartmanae 
from the polychaete L. 
Martin, 
Say, 


Five deseribed marine cercariae 
dian- 
Martin, 1952, 
vayssierei, Antarctica; 
1944, from the 
Woods Hole (Martin, 


1944b); an unnamed cerearia from the scallop 


C. solemyae clam 


Solemya velum 
Aequipecten irradians (Lamarck) (also known 
Lamarck), Woods Hole 


(Linton, 1915b) ; and an unnamed cerearia from 


as Pecten irradians 
the clam Donax variabilis Say, Apalachee Bay, 
(Holliman, 1958). C. 


be distinguished from these five with the aid of 


Florida amphicteis may 


the following descriptive key. 


Tail bifureate, longer than body. 

Tail nonfureate, shorter than body. 
Body and tail with fin-folds. Develop- 
ment in sporocysts. 

Body and tail without fin-folds. Devel- 
opment in rediae. Penetration glands 
10, not confined to head organ. Several 
circlets of spines at anterior end of 
body. C. hartmanae 
Lateral rows of spines absent on body. 4 
Lateral rows of spines present on body. 
Six circlets of spines at anterior end 
of body. Penetration glands 7, not con- 
fined to 


head organ. 


Donax variabilis 


Characteristic motion a rapid, jerky 


Cerearia from 


swimming movement. Anterior end of 
body with 12 to 13 irregular circlets 
of spines. Penetration glands 10, not 
confined to head organ. C. loossi 
Characteristic motion a pecking move- 


ment of anterior end, coupled with a 
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jerking movement of tail. No other dis- 
tinguishing characters given. 

Cerearia from Aequipecten irradians 
Tail greatly reduced, with no fin-folds. 


Lateral rows of spines present on body. 


No body fin-folds. No circlets of ante- 
rior spines. Penetration glands 10, not 
confined to head organ. Development 
in sporocysts. C. solemyae 
Tail only slightly shorter than body, 

thick fin-folds. 
body spines absent. No body fin-fold. 


with Lateral rows of 
Anterior end of body with 5 circlets of 
spines. Penetration glands 10, confined 
to head organ. Development in rediae. 


C. amphicteis 


The most important distinguishing charac- 
ters of C. amphicteis appear to be the nonfur- 
eate tail with thick fin-folds and setae, lack of 
body fin-fold and spination except for five 
circlets of anterior spines, 10 penetration 
glands confined to the head organ, and develop- 
ment in rediae. 

It is interesting to note that of the six known 
species of marine aporocotylid cereariae, three 
develop in clams and three in polychaetes. None 
develops in a gastropod molluse as do all the 
known fresh-water species (see Erickson and 
Wallace, 1959; Wales, 1958). Rediae, 


ently unusual for the family, have also been 


appar- 


reported in the fresh water species Sanguinicola 
davisi Wales, 1958. Cereariae of S. davisi also 
lack the body and tail fin-folds often consid- 
ered characteristic of the Aporocotylidae 
(Wales, 1958). Comment on the significance of 
the asymmetrical flame-cell pattern of C. am- 
phicteis would be premature, since the flame-cell 
pattern has been determined for only one other 
marine aporocotylid cerearia, that from Donax 
variabilis. This cerearia has two pairs of flame 
cells symmetrically arranged (Holliman, 1958). 

It is assumed that the freed cercariae of C. 
amphicteis penetrate directly into the definitive 
fish host and mature in some part of the cireu- 
latory system. Only two adult marine aporo- 
cotylids are known at present from northern 
Gulf of Mexico: Cardicola laruei Short, 1953, 
in the heart of the white trout Cynoscion aren- 
arius Ginsburg and the speckled trout Cynoscion 
nebulosus (Cuvier and Val.) ; and Selachoheme- 
cus olsoni Short, 1954, in the heart of the sharp- 


nosed shark Scoliodon terrae-novae (Richard- 
son). The life eyeles of these remain unknown 
(Short, 1953, 1954). 
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PuaTE I 


Scales are in millimeters. 


Lateral view of cercaria, drawn using measurements of fixed specimens and obser- 


FIGURE 1. 
vations from life. 

Figure 2. Lateral view of cercaria, from fixed specimen, in typical resting position, drawn 
with aid of camera lucida. 

Figure 3. Lateral view of fixed redia, drawn with aid of camera lucida. 





OVOVIVIPARITY IN THE MONOGENETIC TREMATODE 
POLYSTOMOIDELLA OBLONGA* 


Larry C. OGLesBy** 


Department of Biological Sciences, Florida State University, Tallahassee 


Thirty adult individuals of Polystomoidella 
oblonga (Wright, 1879) Price, 1939, were re- 
covered from the urinary bladder of an adult, 
gravid, female (La- 
treille), the common musk turtle. This host was 
obtained from the shore of Lake Iamonia, Leon 
County, Florida, in November 1959. The para- 


Sternotherus odoratus 


site is relatively common in the bladders of sev- 
eral turtles of eastern North America; reports 
of its occurrence are summarized by Sproston 
(1946). 

Of the 30 flukes in the present collection, 5 
had a single egg in the uterus, 8 others had 
empty uteri, and the remaining 17 each had 
in utero an immature fluke in addition to an 
empty egg capsule. The term “uterus” is used 
herein following the usage of Price (1939) and 
Sproston (1946), although this chamber obvi- 
ously serves as the site of egg capsule formation 


and therefore could also be considered an 


odtype. These immature individuals ranged in 
larvae to 
juveniles which possessed recognizable repro- 


development from gyrodactyloid 
ductive organs and well developed opisthaptors 
and digestive systems. The advanced condition 
of the larger juveniles indicated a considerable 
amount of development in utero after hatching. 
The gyrodactyloid larva of P. oblonga was 
briefly deseribed by Wright (1879), who re- 
ported that two such larvae had escaped from 
eggs and were free in the uteri of the adults. No 
report other than Wright’s concerning hatching 
in utero of eggs of monogenetie trematodes has 
been found in the literature. The present paper 
includes deseription of the egg and the develop- 
mental stages encountered. 


MATERIALS AND METHODS 


The parasites were identified as Polystomoaid 
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ella oblonga (Wright, 1879) Price, 1939, with the 
aid of the descriptions of Wright (1879), Stunkard 
(1917), and Price (1939). All specimens have the 
single median testis, pre-ovarian uterus, and single 
pair of anchors that characterize the genus 
Polystomoidella Price, 1939; and all have the 
deeply incised anchors and 16 alternately large and 
small hooks of the genital coronet that characterize 
the species P. oblonga. Since there has been some 
disagreement as to whether or not P. oblonga and 
the form originally described as Polystomum has- 
salli Goto, 1899, are specifically distinct (Stunkard, 
1917, 1924; Price, 1939; Sproston, 1946), it is 
perhaps pertinent to point out that the single 
character that supposedly separates the two species 
is rather variable in the present specimens. P. has- 
salli was described as having 16 genital spines all 
the same length (Stunkard, 1917), not alternately 
large and small as in P. oblonga. These spines, in 
most individuals of the present collection, are al- 
ternately large and small, but in a few flukes the 
spines are nearly equal in length, thereby approach- 
ing the condition deseribed for P. hassalli. It is 
the author’s opinion, therefore, that the two forms 
should be considered conspecific. 

The specimens of P. oblonga, after removal 
from the bladder of the turtle, were killed and 
fixed with aceto-formol-aleohol (AFA) solution 
under coverslip pressure. Whole mounts of all 30 
flukes were made; 25 were stained in 
acetocarmine, the other 5 in Harris’ hematoxylin. 
All were cleared in terpineol and 
damar. Measurements and observations, unless 
otherwise indicated, were taken from these stained 
and mounted specimens. Measurements are in milli 
meters unless otherwise stated. 


Semichon's 


mounted in 


OBSERVATIONS 
Egg 

Eggs are approximately ovoid, and all about 
the same size; the five intact eggs have an aver- 
age length of 0.33 and an average width of 0.20. 
No more than a single egg occurs in the uterus 
of each adult. Intact eggs are opaque, making 
impossible the determination of any details of 
the contained embryos. In empty eggs associ- 
ated with hatched young, the shell is quite trans- 
parent and amber colored. A thickening is pres- 
ent at the blunter end and an operculum at the 
opposite end. Ten opercula have an average 
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diameter of 0.07. The surface of the shell is 
smooth, although empty shells were distorted 


by pressure and show numerous wrinkles. 


Gyrodactyloid Larva (Fig. 1) 

Five of the 17 immature flukes are gyrodac- 
tyloid larvae and resemble those deseribed for 
other (Dawes, 1946; 
Euzet, 1957; Llewellyn, 1957; Paul, 1938), es- 


pecially those of the related species Polystoma 


species of Monogenea 


integerrimum (Frolich, 1791), Polystoma nearc- 
(Paul, 1938), 


Paul, 1938. The body is approximately oval, 


ticum and Polystomoides oris 
with no “shoulders” at the anterior end, and is 
completely devoid of cilia. The average length 
of the five, ineluding the opisthaptor, is 0.33; 
the average width, 0.17. The opisthaptor is 
circular or sub-cireular, about 0.14 in diameter; 
it bears on its periphery 16 small hooks, each 
about 20 microns in length, and primordia of 
the two adult anchors, each approximately 46 
microns long. The small hooks (fig. 7) are com- 
pletely developed. No ogives (accessory pieces) 
are associated with them, but the adjacent euti- 
cle is somewhat wrinkled in a definite pattern, 
giving the appearance of what Euzet (1957) 
Four of the 
small hooks occur between the anchors at the 


termed “crochets 4 conducteur.” 
posterior of the opisthaptor. The anchors (fig. 
8A) are set relatively farther back from the 
edge of the disk in the larvae than they are in 
the adult, and are not of adult size or shape. 
The oral sucker and pharynx are delimited 
by membranes, but there is little indication of 
internal structure. A mouth and buccal funnel 
are present. The internal organs have just begun 
The 


barely be distinguished as empty areas extend- 


differentiation. two intestinal caeca ean 
ing from the pharynx nearly to the opisthap- 
tor; they are lined with cuboidal cells. Within 
the intestinal lumen of one specimen are a few 
spherules of yolk material which apparently 
had been ingested. A mass of cells denser than 
the surrounding parenchyma is found between 
the caeca. This mass is the genital rudiment, the 
anterior portion of which is somewhat denser 
than the posterior. No indication of excretory 
ducts or pores was seen. 

Two pairs of pigmented eyespots are present 
in the anterior end of the larva. The position of 
these is somewhat variable. There is no indica- 
tion of lenses or associated oil droplets which 
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might function as temporary lenses, as has been 
reported in larvae of several monogenean fam- 
ilies, including Polystomatidae (Llewellyn, 
1957). A considerable amount of vitelline mate- 
rial is within the empty egg shell and in the 
uterus. 


Two-Sucker Stage (Fig. 2) 


Only two immature specimens were found 
with two suckers on the opisthaptor; one of 
these (fig. 2) is further advanced 
developmentally than the other, though both 


somewhat 


are the same size, 0.43 long by 0.26 wide. With 
the exception of the presence of the two suck 
ers, there is little morphological change from 
the gyrodactyloid condition. The opisth«:s:or of 
one is circular, with a diameter of 0.16; t2. of 
the other (fig. 2) 
0.22 by 0.16. The 16 small hooks exhibit no 
change from those of the gyrodactyloid larva. 
The length to 63 
microns in one individual and to 93 in the other; 


is rather distorted, and is 


anchors have inereased in 
hooked tips are present, and also the beginnings 
of the The 
formed around the small hooks immediately 


second root. suckers which have 
lateral to the anchors show little complexity of 
structure or musculature, and have an average 
diameter of about 60 microns. The oral sucker 
and pharynx have increased somewhat in com- 
plexity. The intestine is more distinct than 
previously, and is empty in both individuals. 
The genital rudiment is more developed, with a 
distinction between male and female parts, 
though individual organs are not differentiated. 
Lateral extensions from the anterior, female, 
mass of cells probably indicate the beginnings 
of the copulatory canals (vaginae). The four 
eyespots are smaller and less distinet than pre- 
viously, and less vitelline material is visible in 
the shell and uterus. 


Six-Sucker Stage (Fig. 3) 

The remaining 8 of the 17 immature flukes 
have opisthaptors metamorphosed to the adult 
condition of six suckers. These juveniles com- 
pletely fill the parental uteri, and oceur in con- 
torted positions, making accurate measurements 
and observations at times difficult. The lengths 
of the eight young vary from 0.63 to 0.73 (aver- 
0.69), and the widths from 0.41 to 0.46 
(0.43). The size and shape of the opisthaptor is, 


age 


5 


in most specimens, obseured by the various posi- 
tions it assumed during fixation. It is oval to 
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more or less cordate in contrast to the more 
nearly circular shape of the earlier stages, and 
ranges in size from 0.23 by 0.18 to 0.41 by 0.26, 
with the longer axis at right angles to the major 
axis of the body. The 16 small hooks are the 
same as in the gyrodactyloid stage. The anchors 
range in length from 95 to 115 microns and are 
usually of the adult shape with two roots and a 
hooked tip (figs. 8B, 8C) ; not all anchors, how- 
ever, have this complex structure. The suckers 
are usually distorted to a greater or lesser ex- 
tent, quite often masking the circular shape. The 
most posterior pair of suckers, which are the 
first to form, have an average diameter of 80 
microns; the middle pair an average diameter of 
70 microns; and the anterior pair, which are 
the last to be formed, range from 40 to 58 mi- 
The hooks within the 
suckers. The development of the suckers is simi- 
lar to that described in greater detail for Poly- 
stomoides multifala (Stunkard, 1924) Ozaki, 
1935, by Stunkard (1924). The two posterior 
sucker pairs often possess a “veil” or thin lip 
which overhangs the part of the sucker nearest 
the center of the opisthaptor. 

The oral sucker and pharynx are markedly 
muscular, with the buccal funnel well delineated, 
and with circular muscle fibers visible around the 
anterior portion of the pharynx. The bifurcated 
intestine shows the beginnings of the anterior 
pouches that extend partially up the sides of 
the pharynx in adults. The gut is either empty 


crons. small persist 


or partially filled with a finely granular amor- 
phous material of unknown composition or ori- 
gin. The cuboidal cells which line the caeca in 
earlier stages have approached squamous epi- 
thelium in appearance. One individual possesses 
a complete connection between the caeca poste- 
rior to the testis; this is the only such connee- 
tion in 30 adults and 17 young. Stunkard (1917) 
illustrated a similar connection in one individ- 
ual of P. hassalli, but there is no other record 
for P. oblonga. 

The genital complex shows nearly all the 
organs found in the adult, though not com- 
pletely developed. The testis is equatorial, and 
extends laterally to the caeca, in a few eases 
overlapping them ventrally or dorsally. The vas 
deferens was followed for its entire length, with 
great difficulty, however, in only two specimens. 
It leads to a well marked seminal vesicle and 
genital atrium. The 16 spines of the genital coro- 
net are present, although they do not have the 
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adult structure. Chromosomal figures which ap- 
pear to be meiotic were seen in one testis, indi- 
eating that spermatogenesis had begun. The 
ovary appears as a dense mass of cells, and is 
connected to the large and sometimes hollow 
uterus by a wide oviduct. The paired copulatory 
canals unite to form a short common duct that 
enters the oviduct at the same point as the 
genito-intestinal canal, which at its other end 
opens into the caecum on the ovarian side of the 
fluke just posterior to the ovary. There is no 
indication of vitellaria or eyespots. Vitelline 
material is absent, or nearly so, in both the 
empty egg and the parental uterus. 


Adult (Fig. 4) 


The sexually mature adult of Polystomoid- 
ella oblonga has been described rather well by 
Wright (1879), Price (1939), and by Stunkard 
(1917) as Polystoma hassalli. In the present 
study, the average length of 20 adults is about 
3.00, and the average width 1.35 at the region of 
the external openings of the copulatory canals. 
The opisthaptor is subeordate, varying consid- 
erably in size, with average dimensions of 0.98 
by 0.75. These body measurements are markedly 
greater than those given by Price (1939), 
though not much different from those of Wright 
(1879). The six suckers are of equal size, with a 
diameter of 0.20 or a little more, depending on 
the size of the individual. The “veil” over the 
suckers is not present in all adults, nor on all 
suckers of any individual, but is more common 
on the posterior two pairs of suckers in what 
appear to be the younger adults; it is thin and 
transparent. structure of the 
suckers is very similar to that described by 
Stunkard (1917). Small hooks are present, and 
do not exhibit differences in size or shape from 
the gyrodactyloid condition. The anterior six 
hooks are spaced evenly in a line, not in three 


Otherwise the 


pairs as figured by Wright (1879). The anchors 
have markedly hooked tips and two large roots 
connected by a thin membrane. They vary in 
length from 170 to 212 microns, with an average 
of 200; they also vary in proportions (figs. 8D, 
8E). However, none resembling the example 
figured by Price (1939) and reproduced by 
Sproston (1946) has been seen. 

Price (1939) in his figure 1E shows what 


appear to be glandular cells lateral and posterior 


to the pharynx. Such cells could not be found in 
the present specimens, but anteriorly directed 
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pouches from the intestine are present in the 
same position, a condition also figured for P. 
hassalli by Stunkard (1917). The anterior por- 
tion of the spherical pharynx is surrounded by 
a band of conspicuous cireular muscles. The 
cells that line the caeca give the appearance of 
squamous epithelium. 

The testis is large and nearly rectangular in 
outline. The vas deferens passes dorsal to the 
uterus on the ovarian side of the body and en- 
ters a large seminal vesicle in which elongate 
sperm ean be seen. The tips of the 16 spines of 
the genital coronet curve strongly away from 
the genital opening. The eight larger spines 
bear what at first appeared to be lateral proc 
esses. Closer inspection revealed these to be 
plate-like extensions of the side of the hook 
towards which the tip curves. This plate serves 
as an attachment for muscle fibers which move 
the spine (figs. 5A, 5B). The smaller hooks 
(fig. 6), which alternate with the larger, either 
do not have this extension, or have it weakly 
developed. The ovary is found on the right side 
of the body in 15 of 30 adults, and on the left 
in the other 15. An enlargement of the oviduct 
is located between the ovary and the place where 
the common copulatory canal and the genito 
intestinal canal enter the oviduct; this enlarge- 
ment, found in all adults, may serve as an ovi 
capt. Mehlis’ gland cells, some with long due’s, 
oceur at the base of the uterus. The copulatory 
canals pass ventral to the caeea, and fuse to 
form a short common duct which enters the ovi- 
duct at the same point as the genito-intestinal 
are dorsal to the 
(1879) 


eanal. The vitellaria 
Wright’s 


caeca, 


contrary to illustration; the 


vitelline ducts and their relationship to the 


copulatory canals could not be determined. 
DISCUSSION 


No special significance has been attached to 
Wright’s (1879) 


Polystomoidella oblonga by subsequent authors, 


report of “viviparity” in 
although Stunkard (1917) referred in passing 
to Wright’s comments. The present findings in- 
dicate that in this species such in utero hatching 
is not accidental but rather the rule. That the 
majority, at least, of the larval and juvenile 
stages of P. oblonga had escaped from their 
egg capsules naturally while in the gyrodacty- 
loid stage, and were not forced out during fixa- 
tion, is borne out by two observations: (1) In 


the uteri of living adults, the hatched immature 
stages were very active and readily visible; and 
(2) the more mature juveniles were much too 
large to fit into the egg capsules which lay be- 
side them in the parental uteri. 

The absence of cilia is correlated with the 
advanced development of the young when they 
adult. This 
has been noted by Alvey (1936) for Sphyranura 


are released from the correlation 
oligorchis Alvey, 1933, the only other known 
species of the Polystomatidae with a non-ciliate 
gyrodactyloid larva. In contrast to the condition 
described herein for P. oblonga, the larva of S. 
oligorchis emerges from the egg outside the body 
of the adult, in a considerably advanced state. 

It appears that with the great amount of 
development of the young which occurs within 
the adult P. oblonga the life cycle might casily 
be completed within the bladder of one individ- 
ual turtle, with no necessity for a free-living 
stage, thus accounting for such great infesta- 
tions as 30 parasites in the bladder of one small 
host. There is no indication as to the length of 
time the larvae develop in utero. Generalizations 
as to the importance of ovoviviparity in the life 
eyele of P. oblonga based on the available data 
would be somewhat premature. 

The oceurrence of ovoviviparity in Polysto- 
moidella oblonga is yet another example of the 
variation 


found in the life eyeles of mono- 


venetic trematodes. 
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EXPLANATION OF PLATES 
PLATE I 
All drawings were made from fixed and stained specimens with the aid of a camera jucida. 
Figure 1. Ventral view of gyrodacytyloid larva and empty egg shell, in parental uterus. 
FIGURE 2. Dorsal view of two-sucker stage and empty egg shell, in parental uterus. 
FicurE 3. Ventral view of six-sucker stage and empty egg shell, in parental uterus. 


PLATE I] 


Figure 4. Ventral view of adult, with juvenile of figure 3 within the uterus. 
Figure 5. Large spines of adult genital coronet. A and B, different views. Scale of figs. 5, 6, 


and 7 the same. 

FiGuRE 6. Small spine of adult genital coronet. 

Figure 7. Small hook from opisthaptor. Lateral view. 

Figure 8. Anchors from opisthaptor. Lateral view. A from gyrodactyloid larva; B and C 
from six-sucker stage; D and E from adults. 





THE JOURNAL OF PARASITOLOGY 








Pate II 

















STUDIES ON 


LARVAL FASCIOLOIDES MAGNA. 


Il. IN VITRO SURVIVAL 


OF AXENIC REDIAE IN AMINO ACIDS AND SUGARS 


FRANK E. FRIep.’ 


The Rockefeller Institute, 


In a previous study (Friedl, 1961) the in 
vitro survival of rediae in certain single amino 


acids was reported. Those findings have been 


extended under improved experimental condi- 
tions where the parasites were handled ax- 


enically. 


MATERIALS AND METHODS 


Preparation of salt solutions and test media. 
A salt solution termed Ringer C was earlier found 
satisfactory for use (Friedl, 1961). It was pre- 
pared as a stock solution in concentrated form, i.e., 
in 600 ml of distilled water rather than a liter, and 
had the following saline composition: NaCl, 6.5 g; 
KCl, 0.14 g; CaCl,- 2H,0, 0.16 g; NaHCO,, 0.10 g; 
NaH.PO,, 0.012 g. In these experiments, the solu 
tion was autoclaved at 10 Ibs for 20 min, the pre 
cipitate forming in the presence of bicarbonate 
being allowed to settle out. Because it obseured 
subsequent observation, it was generally not re- 
suspended when the supernate was used. Upon 
combining 3 ml of the above stock with 2 ml of 
water, or an equivalent volume of water plus ap 
propriate amounts of stock test substance (giving 
the desired 2, 4, and 6 mM concentrations of the 
latter) the proper Ringer C concentration resulted. 
Stock amino acids and sugars were prepared in 
100 mM aqueous solutions and autoclaved (except 
tryptophan which was Seitz filtered). Ringer C 
tended to equilibrate in air to about pH 7.8 and 
in combination with test substances generally gave 
solutions approaching this value from neutrality. 

Fraction V Bovine Serum Albumin (Armour) 
in a 2.5 percent aqueous solution was Seitz-filtered. 
A final of 0.12 Ringer 
C, used for washing rediae, is referred to as ‘“‘wash 


2 
oO 


concentration percent in 
solution.” 

Glassware. Numerous capillary pipettes were 
indispensable. They were conveniently made |} 
drawing the center of a 23 em length of 6 mm 
diameter soft glass tubing to about 30 cm over a 
Bunsen flame without a wing-top. When broken 
apart, this gave two pipettes of the desired 0.8 mm 
outside diameter; tips were not fire-polished. They 
were used with plastic mouth tubes. 

Silicone was used to coat the interiors of capil- 
lary pipettes and 16x 150 mm test tubes, and the 
6 mm tissue culture slides. 


rv 


eoneavities of 75 x 45 » 
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These coatings were inspected regularly for effec- 
tiveness after they had undergone routine washing 
and sterilizing procedures. 

The pipettes, 16x 150 mm _ cotton-stoppered 
test tubes, and the tissue culture slides in petri 
dishes were dry-heat sterilized (at 170 C for 2 
hours), as were untreated serological test tubes 
(10x 100 mm) which had been cotton-stoppered. 
When the latter were used, the cotton was replaced 
by No. 000 rubber stoppers that had been sepa- 
rately autoclaved (at 15 lbs for 40 


in in 
petri dishes. 


minutes 
Ordinary washing procedures were satisfac- 
tory for all glassware except capillary pipettes. 
These, immediately after use, were placed in water 
(a plastic juice container was a convenient re- 
ceptacle) and rinsed repeatedly in tap and, later, 
in distilled water. 
free cereariae en- 
countered, special washing procedures were under- 
taken to kill and remove metacercarial cysts from 
the glassware. These cysts were considered poten- 
tially infective for man whenever present and were 
accordingly treated as dangerous contaminants. 
Obtaining 


Occasionally, when were 


axenic rediae. Laboratory-reared 
Lymnaea stagnalis jugularis (Say), were usually 
exposed within a few weeks after hatching to mira- 
Ward, 
1917 (obtained by methods deseribed by Friedl, 
1960). Later, to 


snails were rinsed in water and placed in a petri 


cidia of Fascioloides magna (Bassi, 1875), 


small medium sized infected 
dish containing 10 ml of wash solution plus penicil- 
lin G potassium, (100 units per ml) and strepto- 
mycin sulfate (100 mierograms per ml). Rediae 
were secured by dissecting the snails with alcohol- 
flamed watchmaker’s forceps under a binocular 
microscope. Shaking and teasing the snail tissues 
sufficed to liberate most of the worms; the tissues 
were then moved to a remote part of the dish. 
Freshly-freed rediae, picked out with a capil 
lary pipette, were transferred to another 10 ml of 
dish 
aggregate 
the worms. Next, intact, moving rediae were se 


the wash solution in a petri dish. This was 


agitated with a swirling motion to de 


leeted with a clean pipette and allowed to sediment 
through 10 ml of the wash solution in a 16 x 150 
mm siliconed tube. This was followed by two addi- 
tional sedimentations using strict aseptic technique 
and clean pipettes at each transfer. 

The worms were next deposited by pipette in 
ml of Ringer C 
of 
units per ml; streptomycin sulfate, 250 micrograms 


2 (containing a slightly higher 


eoncentration antibiotics, i.e., penicillin, 250 


per ml) in the depression of a tissue culture slide 
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kept inside of a petri dish. Here they were held for 
about 45 minutes, and then transferred to another 
slide containing Ringer C without antibiotics. 
After about 30 minutes, they were inoculated into 
the various experimental “media,” and into Ringer 
C as controls. At this stage the worms were usually 
quite active and could be selected for vitality. 

Cultures. To each of the sterile cotton-stop- 
pered 10x 100 mm test tubes was added 0.5 ml of 
desired medium in the concentration proper for 
that particular test. Experiments were generally a 
series of two tube groups containing test media, 
plus two tubes of Ringer C as controls. Two worms 
were inoculated into each tube with a minimum 
amount of final wash solution accompanying them 
(rarely there were slight deviations in number). 
The tube, rubber-stoppered, was set aside for daily 
observation. It was found that with practice this 
inoculation procedure was easily and quickly per- 
formed. Racks of these cultures were held at room 
temperature (25 to 29 C, mean, 27 C) throughout 
the experiments. 


<— Rubber stopper 
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viewing 
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Figure 1. Detail of the apparatus used to observe 
2 


rediae. A, front; B, side. 


Observation of rediae. A simple method for 
observing the worms within culture tubes was de- 
vised. Figure 1 shows the essential details. The 
apparatus consists of a vial with a right-angle 
prism (obtained from a firm handling opties for 
telescopes) cemented with balsam to its base. At 
the bottom of the vial is inserted a ring cut from 
a piece of rubber tubing of appropriate diameter. 
The vial is mounted in a clamp on a ringstand at 
eye level for examination with the observer seated. 
When illuminated from the top and side, the re- 
flection of specimens on the bottom of the culture 
tube is seen through the prism by means of a 
binocular dissecting microscope on an adjustable, 
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weighted base. Mueller (1959) has recently de- 
seribed an apparatus permitting a similar method 
of observation. 

The worms can be inspected within their 
tubes with a minimum of optical distortion after 
making proper adjustment of light and microscope. 
(Water, added to the vial outside the culture tube, 
sometimes aids observation.) Rediae may adhere to 
the sides of the tubes from which they can usually 
be displaced by a sharp tap with the finger nail. 
Movement, the criterion of survival, is best ob- 
served in the neck and sucker regions of viable 
rediae. Living worms have in addition a character- 
istic translucent appearance. Movement clearly due 
to contained second generation rediae or cereariae, 
and not the parent organism, was not considered as 
survival. Tubes were kept until no evidence of life 
had been detected for three successive days, and 
then were set aside for sterility tests. 

Sterility tests. Beef-heart-infusion-broth with 
1 percent peptone (Pfanstiehl) was routinely used 
for sterility tests for aerobes and fluid thioglycol 
late medium (Baltimore Biological Co.) for anaer- 
obes. At the time of sampling, each worm-contain- 
ing tube was agitated to suspend material and a 
bacteriological loop of its contents inoculated into 
one tube of each of the above media. When pos- 
sible, worms were included in the inoculum. 

Media were incubated at 37 C for 24 hours 
and then held at room temperature for at least one 
week before a final check, Of 132 worm containing 
tubes, only 5 (about 4 percent) have shown evi- 
dence of contamination; such tubes were excluded 
from the results. 

pH. After sampling for sterility, pH was 
estimated using phenol red indicator. These final 
values as a rule were between 7 and 8- no tubes 
varying significantly from this range have been 
included, 

RESULTS 


The data are presented in figures 2 and 3 in 
bar diagram form. The longest survival obtained 
out of two tubes (except where noted) in each 
of the concentration classes (2, 4, and 6mM) 
is shown in days. Cessation of movement within 
24 hours is recorded as 1 day, between the sec- 
ond and third day, as 3 days, ete. Identical 
survival periods in two or three concentration 
classes are shown by the use of the code de- 
signating minimum survival, Average survival 


times for Ringer C controls are indicated by 


“intermediate.” Concentrations, denoted in se- 
quence from the left depending on which gave 
minimum, intermediate, and maximum longevity, 
show those giving identical survival times in 
parentheses. 

It is seen from figure 2 that the amino acids, 


hydroxyproline, and serine favored survival the 
most, with alanine, glycine, leucine, phenyla- 
lanine, proline, threonine, and the amino acid 





THE JOURNAL OF PARASITOLOGY 


Con ee Se A ee ee, 


2 ONE FS SSB Ge. A 
ae — ZZZZA_| 
2(4 6) ae ES 
| 


in mM 
L-HYDROXYPROLINE 264 
GLYCINE 
_-SERINE 
ALANINE 
PROLINE 
LEUCINE IZ 
Ey 
THREONINE wT 
NO 


PHENYLALANINE } 


.- ASPARAGINFE 
METHIONINE 

.- VALINE 
ISOLEUCINE 
TRYPTOPHAN 

GLUTAMINE 


Key to survival time 


GE Minimum YF intermediate [__] Maximum 


CONTROLS 


Figure 2. Survival of axenie rediae of F. magna 
in 2, 4, and 6 mM concentrations of amino acids 
and amides in Ringer C at 27 C; see explanation in 
text. (Because of contamination, results for 
methionine 6 mM, phenylalanine 6 mM, and 
tryptophan 2 mM are based on one tube. For the 
same both leucine 6 mM tubes were dis- 
earded. ) 


reason 


amide asparagine giving less impressive or more 
longevity. methionine, 
tryptophan, valine, and the amide glutamine 


variable Isoleucine, 


‘ 


gave little or no survival over Ringer C controls 
(a total of 8 tubes included). The sugars (fig. 
3), generally indicated no tendency to prolong 
survival (relative to four control tubes), pos- 
sible exceptions being with occasional tests con- 


taining glucose or galactose. 
DISCUSSION 


This study is an extension of work done pre- 
viously (Friedl, 1961), but differs 
mentally in employing exclusively axenic cul- 


experi- 
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Figure 3. Survival of axenic rediae of F. magna 
in 2, 4, and 6 mM concentrations of sugars and 


acetate in Ringer C at 27 C. Key as in figure 2. 





6 7 
poanny 
GLUCOSE 
GALACTOSE 
FRUCTOSE 
SUCROSE 
ACETATE 
RIBOSE 


CONTROLS 


containing a standardized number of 
the test 


stances expressed in millimoles. Siliconed glass- 


tures 


worms with concentrations of sub- 


ware and the inclusion of a small amount 
(0.12 percent) of albumin in the wash solution 
were found desirable to minimize the tendency 
of worms to stick to glass surfaces. The pres- 
ence of protein in ambient fluids also appears to 
afford protection during processing and many 
more intact, active worms were obtained with 
its use. 

The use of albumin, penicillin, and strepto- 
mycin while handling rediae appears not to 
have influenced the comparative results ob- 
tained. In the last wash, in which they were 
kept for 30 minutes before transfer, the anti- 
biotics were omitted. Inoculation of small 
amounts of protein and antibiotic into the test 
solutions is a possible complicating factor, but 
with good pipetting these amounts are small. 
In any event, the results of controls in Ringer 
C suggest little or no influence on survival due 
to these substances ingested, absorbed, adsorbed, 
or present in the inoculum. 

In preliminary studies (Friedl, 1961) tubes 
containing worms were kept at 20 C. The pres- 
ent work, free from contamination, permitted 
higher temperatures. It appears that the con- 
at 20 C. 


The slightly lower temperature may be more 


clusions are essentially the same as 


desirable, however, since certain of the experi- 
ments seemed to suffer from high temperatures 
as the summer months approached. How much 
variation was introduced by this is not known, 
but the range between 20 C and 25 C probably 
should not be exceeded under these in vitro con- 
ditions with this form. In a study of Schistosoma 
mansoni in Australorbis glabratus under lab- 
oratory conditions, Stirewalt (1954) Ss re- 
ported better development of the parasite with 
the snails at the higher temperature of 26 to 
28 C. 

The most interesting feature of this and 
previous work is that certain amino acids in 
some way prolonged redial survival in vitro. 
Hydroxyproline, proline, serine, and to a lesser 
extent alanine and asparagine generally favor 
the 


leucines, glycine, threonine, and phenylalanine 


longevity. Sporadically, others, such as 


have shown such a tendency. 1 at some common 
sugars did not give the same results is of ad- 
ditional interest, especially since certain of 


these are effective enerry sources for many 
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other animals. For the adult of a closely related 
trematode, Fasciola hepatica, Rohrbacher (1957) 
and others have shown evidence that certain 
sugars were an asset to in vitro survival under 
conditions where microbial contamination was 
eliminated or suppressed. 


SUMMARY 


Methods have been developed for obtaining 
rediae of Fascioloides magna from the snail 
Lymnaea stagnalis jugularis free from con- 
taminating microorganisms for subsequent ob- 
servation in vitro. 

The survival times of these rediae have been 
studied axenically under simple culture con- 
ditions containing 2, 4, and 6 mM concentrations 
of individual amino acids and amides, sugars, 
and Na-acetate. It was found that the inelusion 
of hydroxyproline or serine gave the most con- 
sistent increase in survival time over saline con- 
trols. More variable or less significant increases 
were obtained with alanine, glycine, leucine, 
phenylalanine, proline, threonine, and the amide 


asparagine. The sugars and acetate generally 


showed no equivalent tendency to prolong sur- 
vival. 
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SEPARATION OF 


NEMATODE EGGS 


FROM FECAL DEBRIS BY GRADIENT CENTRIFUGATION 


WiLiiaM C. 


Veterinary Research Laboratory 


Separation of eggs of helminths from ex- 
traneous debris is usually accomplished by a 
combination of sereening to remove larger 
debris (Seghetti, 1955), sedimentation, 
flotation in a medium of high specifie gravity. 
Coker (1956) deseribed a 


method for removing schistosome eggs from 


and 


and Lichtenberg 


hamster liver. Liver was comminuted, filtered 
and then layered on a solution of 0.5 M sucrose 
in a burette. The fluke eggs and debris fell 
through the sugar at different rates and could 
be drawn off at the bottom as separate frac- 
tions. Rowan and Gram (1959) separated para- 
site eggs from large volumes of sewage and from 
smaller amounts of feces or tissues by allowing 
the material to flow over the surface of a saline 
solution in a specially designed tray. Whitlock 
(1959) obtained nematode eggs from sheep feces 
by a sugar-flotation method. Feces were broken 
up in water, diluted with an equal volume of 
sugar solution, and then poured into a 4-oz 
serew-cap medicine bottle. The completely filled 
bottle was laid on its side so that the eggs ad- 
hered to the upper surface of the glass. The 
bottle was emptied by suction leaving the eggs 
on the glass. 

Described below is a method in which eggs 
of ruminant nematodes are separated from fecal 
debris by centrifugation in a sucrose solution 
of graded specific gravity. Eggs cleaned by this 
technique have been found to be sufficiently 
clean for use in studies on the effect of chemical 
agents and on the respiration of Nematodirus 
spathiger. 

A sucrose gradient has been used for separa- 
tion of different portions of Arbacia eggs (Har- 
Received for publication October 17, 1960. 
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vey, 1932), virus particles (Brakke, 1951), and 
cellular components (reviewed by Brakke, 1953 
and Anderson, 1955). However, so far as is 
known, gradient centrifugation has not been 
used for separation of parasite eggs from fecal 
material. 

OF THE 


DESCRIPTION METHOD 


Briefly, the method involves mixing fecal ma- 
terial with water, removing the larger debris on 
a sereen, and sedimenting to remove fine debris 
and pigments. The sediment is then centrifuged 
in a sucrose gradient in which the eggs form 
a layer which may be removed by pipette. The 
following procedure has been found satisfactory 
for the separation of the eggs of Nematodirus 
spathiger from sheep feces. Modifications in the 
procedure undoubtedly are necessary for use 
with other types of material. 

1. Mix up to 200 g of fecal material for not 
more than 20 seconds in a Waring blendor. 

2. Pour through a 20-or 40-mesh sereen and 
wash the material on the screen until a volume 
of 2000 ml is reached. 

3- Pour into a 2000-ml cylinder and stand in 
the refrigerator for 2 to 6 hours. 

4. Draw off the supernatant fluid down to 
volume of 250 ml. Transfer the sediment to 
flask and store in the refrigerator. 

5. Prepare suitable volumes of 1:2, 1:4, 1:6, 
and 1:8 dilutions of a standard sucrose solution 
(360 ml of water +500 ¢ of sucrose, a solution 


~ 
9 


having a molarity of 2.2 and a specifie gravity 
of 1.275 at 16 C). Chill to approach the freez- 
ing point. 

6. Layer in a 50-ml centrifuge tube: 1:2, 
8 ml; 1:4, 10 ml; 1:6, 6 ml; 1:8, 6 ml. 

7. Break the interfaces between the layers 
with a blunt glass rod. 

8. Add 15 ml of the feces-water suspension. 

9. Centrifuge in a rotor with swinging cups 
at 800 X gravity for 20 minutes. Both accelera- 
tion and deceleration should utilize a 5-minute 


period. 
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10. Draw off eggs with a fine pipette using 
oblique illumination to locate their position. 

11. Wash eggs three of four times by centrif- 
ugation to remove sugar. 

DISCUSSION 
? . 2 

In carrying out the separation procedure cer- 
tain principles may be followed to ensure a 
high yield of eggs and a minimum of contamina- 
tion with extraneous material. The time of set- 
tling of the feces-water mixture in a 2000-ml 
eylinder should be 2 to 6 hours. A shorter time 
than this may not allow all the eggs to approach 
the bottom, and a longer time than 6 hours will 
result in the accumulation of too much debris. 

The sugar gradient is prepared by placing 
the heaviest (1:2) sucrose solution in the bot- 
tom of the centrifuge tube and then layering the 
next lightest solution on top of it by allowing 
it to run slowly down the side of an inelined 
tube. Filling the tubes can be carried out by 






































<——— MOVEMENT OF TUBES 


Figure 1. Method of filling centrifuge tubes. The 
1:2 sucrose dilution is added by pipette. Succeed- 
ing dilutions are added slowly from the burettes. 
After all burettes have emptied, the tubes are 
moved one place and the next layer is added. 


249 


hand pipetting or by setting up three burettes 
in a battery (figure 1). The latter method saves 
both time and hand labor. The burettes can be 
made from 12-mm glass tubing drawn down at 
one end so that a piece of rubber tubing can be 
attached, and flared out at the other to facilitate 
filling, Clamps are placed on the rubber tub- 
ing, and the flow from the burettes adjusted to 
2 or 3 drops per second. The 1:2 sugar solution 
is added to all the tubes directly with a pipette. 
The burettes are then used for adding the other 
three concentrations by moving the block one 
place after each layer is added. Finally, the 
feces-water suspension is added with a wide- 
tipped pipette. 

Sugar solutions and glassware should be kept 
cold so as to prevent mixing of the layers wher 
centrifuge tubes are filled. Sharp interfaces 
between the layers are not desirable for clean 
separation, neither is a smooth gradient de- 
sirable. With sharp interfaces, extraneous ma- 
terial will stratify with the eggs since com- 
ponents with similar specifie gravities will occur 
together. In a smooth gradient, the eggs will be 
spread over a long distance and harvesting them 
will be a tedious procedure. The interfaces be- 
tween layers should therefore be broken with a 
biunt glass rod. 

Anderson (1955) has discussed the role of 
acceleration and deceleration of the centrifuge 
rotor in causing turbulence in a sugar gradient. 
The initial speed should be quite slow, but sub- 
sequently the increase can be fairly rapid; con- 
versely, deceleration can be rapid at first, but 
braking should not be applied at the lower 
speeds. If 5 minutes are allowed in this technique 
for increasing and decreasing the speed, there 
will be some swirling of the fluid, but not suf- 
ficient to disturb the layer of eggs. 

After centrifugation the upper portion of 
the tube contains the finest particulate matter 
and the pigments. The eggs of N. spathiger lie 
at the lower end of this pigmented area between 
the 1:4 and 1:6 layers, followed by an area 
of nearly clear sugar solution. The heavy debris 
lies at the bottom of the tube (figure 2). If a 
sharp interface is left between the 1:4 and 1:6 


layers, the eggs will lie at the interface. The 


specific gravity of 1:4 sugar was measured as 


1.075 at 16 C, and 1:6 sugar was measured as 
1.050 at 16 C. N. spathiger eggs evidently have 


a specifie gravity between these two values. 
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When eggs from several species of worms 
were centrifuged in a gradient, their specific 
gravities were sufficiently different so that they 
formed nearly discrete layers. N. spathiger eggs 
were lightest, trichostrongyle eggs (Haemon- 
chus, Ostertagia and Trichostrongylus) were in- 
termediate, and N. filicollis eggs were heaviest. 

Coccidial oocysts were almost never seen as 
contaminants of eggs cleaned in a gradient. 
With both sheep and cattle feces it was found 
that the oocysts were thrown down with the 
heavy debris. Attempts to devise a gradient in 
which oocysts would form a separate layer were 


unsuccessful. 


LAYERS OF DEBRIS 
AND EGGS 


—— 


LIGHT DEBRIS 
AND PIGMENT 


FECES AND 
WATER 


LAYER eggs 


-———UPPER LIMIT r spathiger 


pone 


HEAVY DEBRIS 











Figure 2. A tracing of a photograph showing 
the layers of sucrose and the position of N. spath- 
iger eggs with relation to light and heavy debris. 


Eggs of the liver fluke, Fasciola hepatica, 
were invariably found with the heaviest debris 
at the bottom of the tube, even following short 
centrifugation. 
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SUMMARY 


A technique is deseribed in which eggs of 
Nematodirus spathiger can be removed from 
fecal debris by gradient centrifugation. Fecal 
material is broken up in water, passed through 
a 20- or 40-mesh screen to remove large particles 
to 6 
hours, after which the supernatant fluid is dis- 


and allowed to sediment in a cylinder 2 
carded. A sugar gradient is prepared by diluting 
a 500/360 w/v sucrose solution 1 : 2, 1 :4, 1:6, 
and 1:8, and layering the solutions in a cen- 
The 
placed on top of the 
trifuged at 800 g for 20 minutes. Eggs form a 


trifuge tube. feces-water suspension is 


sugar and the tube cen- 


relatively thin layer in a properly prepared 


gradient, and may be removed with a fine 
pipette. When a mixture of ovine nematode 
eggs was centrifuged in a gradient, they sep- 
arated into nearly discrete layers. Coccidial 
oocysts and eggs of Fasciola hepatica were 
found only with the heaviest debris at the bot- 


tom of the centrifuge tube. 
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MORPHOLOGY OF THE LARVAL STAGES OF DIROFILARIA IMMITIS 
IN THE DOG* 


Tuomas C, OrRIHEL 


Department of Tropical Medicine and Public Health, Tulane University 
School of Medicine, New Orleans, Louisiana 


More than 40 eases of dirofilarial infection, 
all non-patent, have been reported from man. 
United 
States: five in Florida, two in Louisiana (Faust 
et al, 1941; Faust et al, 1952; Faust, 1957; 
Sams and Beck, 1959; Jung and Harris, 1960). 
The majority of the worms were adolescent 


Seven of these were observed in the 


females recovered from the subcutaneous tis- 
sues. Since specific diagnosis is based primarily 
on morphological characters of the adult male 
or of the microfilaria, identification of these 
filariae has not been possible. Because of their 
morphological similarity to members of the 
genus Dirofilaria, and their frequent location 
in the conjunctivae and periorbital tissues, most 
of these worms have been referred to as Diro- 
filaria conjunctivae (Addario, 1885). It is as- 
sumed that they are zoonotic forms. 

Little is known of the development of filarial 
species in the definitive host, the larval and ado- 
lescent stages having been described only for 
(Menon, 
Ramamurti, and Rao, 1944), Litomosoides cari- 
nii in cotton rats (Cross and Seott, 1945, 1947; 
Scott, 1945; Seott and Cross, 1946; Scott et al, 
1951) and Dipetalonema blanci in rodents (Cha- 
baud, 1954). Edeson and Buckley (1959) de- 
seribed the rate of growth and the migration of 


Conispiculum flavescens in lizards 


Wuchereria malayi in experimentally-infected 
cats, 

The present study is concerned with the de- 
velopmental stages and immature adults of 
Dirofilaria immitis in the dog. This parasite is 


widespread in southeastern United States. The 
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Diseases, 


site of early development in the dog and the 
route followed by young adults in their migra- 
tion to the heart were studied by Kume and 
Itagaki (1955) but the developing worms have 
not been described. 

The present report deals primarily with the 
morphology of the larval stages, with particular 
reference to those structures which are thought 
to be characteristic and distinctive, and there- 
fore useful in the recognition of this species in 
the pre-adult stages. The characteristic appear- 
ance of the adult worms in microscopic section 
and a discussion of the characters which can 
be used in species identification will be pre- 
sented in a later report concerned with the com- 
parative morphology of several species of Diro- 
filaria. 

MATERIALS AND METHODS 


Young dogs with relatively light infections of 
Dirofilaria immitis (100 to 200 mierofilariae per 20 
emm blood) were maintained in the laboratory and 
used as a source of microfilariae. Blood samples 
were checked periodically as a precaution against 
mixed infections. 

Laboratory-reared Anopheles quadrimaculatus 
served as a satisfactory intermediate host. Infee- 
tive larvae were dissected from the mouthparts of 
the mosquitoes 10 or 11 days after the infective 
blood meal. Only those larvae that had migrated 
to the mouthparts were considered to be mature 
third stage. 

The larvae were counted, suspended in physio 
logical saline solution and, with 1-ml tuberculin 
syringe and 20-gauge needle, were injected subcu- 
taneously into the lateral abdominal wall of young 
dogs. The syringe and needle were then rinsed and 
the washings examined to determine the number of 
larvae remaining. Undamaged larvae were collected 
and injected in the same manner, In this way the 
number of larvae introduced into the host could be 
accurately determined. With one exception, each 
dog was given the total inoculum on 1 day in order 
to permit accurate estimation of the age of the 
worms recovered later. 

The dogs used for experimental infections 
were whelped in the laboratory and protected from 
outside sources of filarial infection. At the time of 
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inoculation they were 17 to 72 days old. 

Worms in various stages of development were 
obtained by scheduled post-mortem examination of 
the infected dogs. The animals were killed by intra- 
venous injection of pentobarbital sodium (Nem 
butal), and after the hair was clipped the skin was 
removed. The underlying tissues were examined for 
worms, frequently with the aid of a dissecting 
microscope. The skin was then suspended in warm 
saline solution for approximately 6 hours at room 
temperature to permit migration of the remaining 
worms from the tissues. The body cavities, muscles 
and viscera were likewise examined for worms and 
lesions. The heart and lungs were removed sepa- 
rately after ligation of the large vessels. Blood 
rinsed from the heart and pulmonary arteries was 
diluted with physiological saline and examined for 
worms of minute size. The body was dismembered 
and the muscles of each portion were separated and 
examined on all surfaces. Afterwards, the separated 
parts were placed in saline solution at room tem- 
perature for several hours or overnight. After re- 


TABLE I. 


examined 5 to 278 days after inoculation of 15 
to 450 third-stage larvae. The recovery of worms 
varied from 6 percent to 75 percent of the num- 
ber inoculated (table I). Young larvae were 
most frequently found in the subcutaneous tis- 
the sheath of the 


There was no evidence of host reaction to the 


sues and beneath muscles. 
presence of larvae in the tissues. In the ad- 
vanced stages of larval development, the worms 
were found in various parts of the body. After 
the 90th day, only adolescent worms were found 
and all were located in the right heart. At 9 to 
12 days the larvae (third-stage) were less than 
2 mm long. At 60 days, near the end of the 
the 
em. Adolescent 


fourth stage of development, 


length was nearly 2 


maximum 
worms 
entering the heart were 2 to 4 em long. There- 


after growth was rapid, the length having in- 


Number, location and percentage of Dirofilaria immitis larvae recovered from experimentally 


infected dogs at various intervals after subcutaneous inoculation. 


Develop 
mental 
period 
(days) 


Number 
of larvae 


‘ Subcut 
inoculated a 


Tissues 
60 g 16 
115 10 
90 6 
175 

100 


110 
110 
150 
105 


95 
450 
15 
160 
40 
100 
100 


Totals 2.175 203 


moving the tissues, the saline was allowed to stand 
for approximately 30 minutes before the sediment 
was examined for larvae. 

Larvae freed from the tissues were first studie1 
in the living state, then fixed in a mixture of 20 
parts 70 percent ethyl alcohol and 1 part glycerine 
at 60-63 C, in hot aqueous Bouin’s solution (60 
C), cold 10 percent formalin, or hot alcohol-formol 
acetic solution. Whole worms were studied in pure 
glycerine, glycerine jelly or beechwood creosote. 
Dissected reproductive organs of adolescent and 
mature worms were dehydrated in ethyl alcohol 
and mounted in Euparal. Microsections of tissues 
containing worms were prepared by routine meth- 
ods. 


RESULTS 


Worms were recovered from all of 17 dogs 


No. and location of larvae 
Percent 


recovery 


Muscle Heart Total 


19 
18 

6 
17 


133 


creased almost 10-fold by the time sexual matu- 


rity was reached. 


Third-Stage Larva 


The third-stage larva recovered from the 
tissues of the dog ranges ion length from 1.09 to 
1.65 mm and in diameter from 24 to 29 microns 
(table IT). Superficially 
tive stage (plate I, fig. 
the 
rounded and nearly as wide as the rest of the 


it resembles the infee- 
1), but differs in the 
shape of anterior end which is bluntly 
body, and in the caudal papillae which have 
become relatively large and conspicuous (plate 
I, figs. 3, 4). Fine, transverse striations in the 
cuticle, best seen under high magnification, are 
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evident in this and in subsequent stages as well. 
The digestive system of the larva shows no ap- 
preciable change during the third stage. The 
elongate esophagus, distinctly lined with cuticle, 
measures one-fourth to one-third the length of 
the body. As in all stages of development from 
the advanced second-stage larva to the young 
adult, the esophagus is well differentiated into 
anterior muscular and posterior glandular por- 
tions, the latter being distinetly granular in ap- 
pearance when seen either in the living or pre- 
served state. The esophageal-intestinal valve 
seen in later stages is lacking here. The in- 
testine, with a diameter one-third that of the 
body, has a large lumen and a relatively thin 
wall. The rectum is thick-walled and approxi- 
mately 50 microns long. In the male, as early 
as the fifth day of development, multicellular 
spicular primordia appear on either side of the 
rectum near the anus. In the female, no discrete 
cellular structures are associated with the 
rectum. 

No notable changes occur in the position or 
structure of the nerve ring. The excretory cell 
becomes increasingly less conspicuous as devel- 
opment progresses. The lateral chords are read- 
ily distinguished as broad bands of homoge- 
neous cytoplasm containing many nuclei and 
extending from the region anterior to the nerve 
ring to a level posterior to the anus. 

The genital primordium, composed of at 
least 12 cells, measures 16 by 6 to 8 microns 
in the early third-stage larva. It is found in 
one of two locations, the location being indica- 
tive of the sex of the larva. In the female larva 
the genital primordium lies under the esophagus 
200 
microns from the anterior end of the body 
(plate I, fig. 2). The male genital anlage is 
located in the mid-ventral line posterior to the 
esophageal-intestinal approximately 
500 microns from the anterior end of the body 
(plate I, fig. 1). Differentiation of the reproduc- 
tive organs in both sexes is initiated before the 
third molt. Early development of the female 
system is characterized by an increase in the 
size of the genital mass (20 to 26 by 9 microns). 
In the male, the genital primordium first 
changes its shape, becoming flexed at its ante- 
rior end and then increasing in length by pro- 
liferation of additional cells, reaching a maxi- 
mum length of 80 microns before the third molt. 


in the mid-ventral line approximately 


junction 


253 


The third molt takes place between the 9th 
and 12th days, the males molting somewhat 
earlier than the females. 


Fourth-Stage Larva 

The fourth larval stage extends to the 70th 
day or slightly less. During this period, the 
larvae reach a maximum length of about 18 mm 
and a width of 115 microns (table IIT). 

The anterior end, as in the previous stage, is 
bluntly rounded but becomes tapered in the late 
fourth stage. The stoma opens directly into the 
esophagus, which shows remarkably little in- 
crease in size. The length of the esophagus is 
approximately one-fourth that of the body in 
the early fourth stage and increases to a maxi- 
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Measurements of third-stage larvae of Dirof 
No. 
larvae 


lays 


vo ( 


10 days*** 


Days 
duration of 


infection 


8-8.5 days 


TABLE IT. 





THE JOURNAL OF PARASITOLOGY 


mum of 0.8 mm, less than one-twentieth the 
length of the body, at the time of the final molt. 
The intestine and rectum show no significant 
structural changes during the fourth stage. The 
average length of the tail increases from 40 to 
73 microns (table III). The evident 
changes occurring in the larva during the fourth 
stage are related to the development of the 


most 


reproductive systems. 

Female reproductive system. The point of at- 
tachment of the genital anlage to the body wall 
marks the position of the vulva in the early 
fourth-stage larva. The proliferation of a col- 
umn of cells posteriorly from the genital anlage 
is the earliest evidence of genital development. 
By the 18th day, the column bifureates distally 
forming two columns which grow unequally and 
reach a maximum length of 500 microns in the 
30-day-old larva. At the time of the final molt, 
the paired genital tubes extend into the poste- 
rior fifth of the body. Lumen formation within 
the genital column begins prior to the 30th day 
and progresses posteriorly from the vulva. Be- 
tween the 30th and 60th days, beginning at the 
vulva, large epithelial cells form a lining of the 
genital tube (plate I, fig. 6). The proximal por- 
tion of the vagina, adjacent to the vulva, gradu- 
ally expands to form a large, elongate, oval 
chamber by the 60th day (plate I, fig. 6). Be- 
cause of the difference in the rate of growth of 
the esophagus as compared with that of the 
body, the position of the vulva shifts from the 
mid-esophageal level to a point just anterior to 
the esophageal-intestinal junction at the time of 
the final molt (table IIT). 

Male 


the male reproductive system include a single 


reproductive system. Structures of 
genital tube and cloaca, paired spicules and 
several genital papillae. The development of 
the system is rapid; the formation of the genital 
tube and cloaca is completed during the first 30 
days of larval development. Although the spicu- 
lar primordia are evident in the 5-day-old larva, 
spicule development is not clearly recognizable 
before the 18th day. By the 60th day, the spicules 
approach maximum size, the larger left one 
measuring 279 to 320 microns and the right one 
156 to 192 microns in length. All of the genital 
papillae found in the adult are present in the 
68-day-old larva: 3 or 4 preanal, 2 adanal, and 
4 postnatal papillae on either side (plate II, 
fig. 6). The genital tube has a lumen throughout 
its length and terminates in a knob-like struc- 


Anus to 
(microns) 


‘ria immitis recovered from the subcutaneous 
(mm) 
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q 
i) 
— 

i) 

© 

Ss 

3 
~~ 

© 

~> 

Ss 
= 

% 
~ 
oes 

° 
~~ 
~~ 

% 
~ 

= 

x 
— 
SS 


days 


IIT 
infection 
15 days 
18 days 


30 days 


60-68 days 


TABLE 


ture near the middle of the body. 
The terminal caudal papillae 
spicuous throughout the fourth-stage than in 


are less con- 


the third, but they can still be distinguished in 
both sexes, The subventral pair are recognizable 
as the phasmids and are located behind the 
posterior-most genital papillae in the male, and 
appear as inconspicuous pores near the end of 
the tail in the female (plate II, figs. 3 and 6). 
The terminal papilla persists in the female but 
is difficult to recognize in the male. 

Most of the worms of both sexes recovered 
60 to 68 days after inoculation were in the 
process of molting (plate III, fig. 2). In a 
young dog inoculated with 450 larvae and sacri- 
ficed 68 days later, one male worm 19.8 mm in 


length was recovered from the right ventricle 
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of the heart. The remainder of the worms were 
recovered from the tissues. Animals sacrificed 
90 to 278 days after inoculation yielded living 
worms from the heart only (table I). However, 
in many instances, small, firm nodules were 
found in the loose connective tissue under the 
skin. Tissue sections revealed that these nodules 
were organizing, inflammatory lesions contain- 
ing dead worms (plate ITI, fig. 4). The diameter 
of these worms (60 to 80 microns) indicates 
that the larvae had undergone considerable de- 
velopment in the tissues prior to their death. 


Fifth-Stage, Adolescent Worm 


After the final molt and migration to the 


TABLE IV. Measurements of adolescent and adult 
dogs 68 days to 1 year after inoculation, All worms 


unless othe 


Days Number 
duration worms 
0 meas- 
infection ured 


Length (em) 
Male Female 


6S 1 1.98 


3.0— 4.4 
(3.6) * 


4.0— 4.6 
(4.3) 
3.0— 4.7 3. 5.9 
(3.9) (4.6) 
6.2-— 7.0 6.7 
(6.4) 
6.8-— 7.4 
(7.1) 
10.0-15.0 
(13.0) 
12.5-16.5 
(14.5) 
14.5-19.0 
(16.1) 


7.6— 9.8 
(O.0) 


17.5-24.0 
(20.5) 


380%** 


* Mean. 

** Recovered from the tissues. 
*** Approximate age of natural infection. 
Xxxx Females only, Length of male tail 


does 
heart, growth of the worms, especially the fe- 
males, is rapid (table IV). Sexual maturity is 
reached before maximum size is attained. Aver- 
age lengths of sexually mature males and fe- 
males at 190 days were only 13 em and 20 em, 
respectively, as compared with 16 em and 28 
em for older worms (table IV). Size differences 


between males and females were consistently 
evident after the 80th day of development. 
The structure of the lateral chords in both 
the adolescent and mature worms is of special 
interest. These broad bands of hypodermal tis- 
sue are conspicuous structures in this species 


and are best studied in worms fixed in hot 


Bouin's solution (60C), washed in alcohol and 


rwise 


not 


cleared in glycerinated alcohol. Each lateral 
chord has three columns or rows of nuclei. The 
sublateral columns contain large numbers of 
spherical nuclei irregularly arranged in more 
than one optical plane. Compressed between the 
sublateral rows is a straight, regular column of 
large, spindle-shaped, widely-spaced nuclei 
(plate II, fig. 4). Comparative studies of the 
chords of D. immitis and D. (Nochtiella) tenwis 
show that the latter have a distinetly different 
orientation of nuclei (plate IT, fig. 5), making it 
possible to distinguish the two species on this 
basis. 

The most notable changes in the adolescent 
worm are associated with the maturation of the 


worms of Dirofilaria immitis recovered from infected 
were collected from the heart and pulmonary arteries 
noted. 


Vulva to 
ant. end 
(mm) 


Anus to 
tail tip 
(microns) 


Width 
(mm) 


Esophagus 
(mm ) 


73 

1.00—1.20 
(1.10) 

0.87-0.98 
(0.96) 


80-96 
(87) 


80-96 
(88) 


98-120 
(116) 


110-129 
(118) 


175—200xxxx 
(180) 


180-—-240xxxx 
(200) 


175-255 


IXXXX 


exceed 120 microns. 
reproductive systems. 

Female reproductive system. The position 
of the vulva in relation to the esophageal-intes- 
tinal junction shifts as the adolescent worm 
matures. Before the fourth molt, the vulva lies 
anterior to the esophageal-intestinal junction, 
whereas in the adolescent female it lies some 
distance posterior to the junction (table IV). 
This change is attributed to the relatively slow 
growth of the esophagus as compared with that 
of the rest of the worm. In the early fifth stage, 
the vulva becomes patent and the expanded por- 
tion of the vagina adjacent to it becomes con- 
voluted and muscular, forming a bulbous, ove- 
jector-like structure having a narrow, irregular 
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lumen (plate I, fig. 5). The remainder of the 
female system, i.e., vagina, uteri, oviducts and 
ovaries, are well differentiated in the early fifth 
stage. A basic pattern of the various parts of 
the system becomes evident as the worm reaches 
sexual maturity (plate II, fig. 1). This pattern 
may be somewhat modified with the increasing 
age of the worm. In sexually-mature females 190 
days old the vagina vera is directed posteriorly 
from the vulva for a short distance, then is re 
flected anteriorly, and may extend as far forward 
as the middle of the esophagus. At this point, 
it turns posteriorly and joins the vagina uterina. 
The latter bifureates at the level of, or posterior 
to, the vulva to form the paired uteri. The uteri 
fill the pseudocoele, twist over each other at 
intervals and extend into the posterior fourth 
of the body where they taper abruptly into 
slender, thick-walled oviducts. The terminal por- 
tion of each of the uteri serves as a seminal 
receptacle. The oviducts are straight and con- 
tinue into the long, looped and twisted ovaries 
which terminate as delicate, irregularly-coiled 
tubules just anterior to the rectum. 

The system becomes functional early in the 
fourth the distal 
portions of the ovaries at 100 days. Fertilized 


month, with ova present in 
females were recognized among wornis recov- 
ered at 120 days. Fully-developed microfilariae 
are present in the uteri and vagina during the 
sixth month indicating that microfilariae prob- 
ably are being discharged into the bloodstream 
at this 
found in the peripheral blood of experimentally- 


time. However, microfilariae were not 
infected dogs until 191 days after infection. Of 
three dogs infected with 70, 200 and 100 larvae, 
respectively, the first showed microfilariae in the 
blood on the 191st day, the second on the 197th 
day, and the third was negative when sacrificed 
at 190 days but yielded female worms contain- 
ing fully-developed microfilariae. 

Male reproductive system. The genital tube 
occupies a large portion of the psendocoele, is 
without coils or convolutions, and terminates in 
an oval or subspherical knob reminiscent of the 
original genital primordium (plate II, fig. 2). 
In the mature male, the distal portion of the 
tube may be recurved. With the exception of 
inereased size, there is little external change in 
the fifth stage. The characteristic, spiral coiling 
of the tail appears in the early fifth-stage as 
do the candal alae. The spicules reach their 


maximum size during the third month of devel- 
opment, the left and right spicules having aver- 
age lengths of 325 and 200 microns, respectively. 

The morphology of the mature worms pre- 
viously deseribed by Fiilleborn (1912) and re- 
examined in the present study requires no spe- 
cial consideration. 


DISCUSSION 


The early development of Dirofilaria immitis 
in the dog has not previously been described. 
In the study by Kume and Itagaki (1955) at- 
tention was centered on the site of development 
and the route by which the worms migrate to the 
heart; larvae were not recovered before the 67th 
day. Consequently, earlier stages of develop- 
ment as well as the intervening molts, were not 
observed. Apparently, a short third stage (9 to 
12 days) is as characteristic of this species as 
of others whose life eyeles are known. Dipetalo- 
nema blanci molts at about 7 days (Chabaud, 
1954), Wuchereria malayi at 9 to 10 days (Ede- 
son and Buckley, 1959) and Litomosoides carinii 
at 10 to 15 days (Seott et al, 1951). However, 
the fourth molt occurs much later in D. immitis 
than in these other species. It is evident that 
D. immitis develops at a slower rate following 
the third molt. However, as detailed morpho- 
logical descriptions of the individual stages are 
not available for other species, it is not possible 
to compare rates of development, or the degree 
of development achieved in each stage. 

The sexes are already differentiated and ree- 
ognizable by the position of the genital pri- 
mordium in the infective larva. As development 
progresses, other morphological structures aid 
in distinguishing sexes. As early as the fifth 
day, paired spicular primordia can be seen in 
the male. In the fourth-stage larvae, males may 
he recognized by the characteristic single genital 
tube and developing spicules, females by the 
paired genital tubes and the vulva. 

The structure of the proximal portion of the 
vagina and the position of the vulva in relation 
to the esophagus aid in determining the stage or 
approximate age of the larval female. The vulva 
lies in the esophageal region throughout the 
fourth stage, but is post-esophageal in the ado- 


lescent and adult worms (fifth stage). The por- 
tion of the vagina adjacent to the vulva is tubu- 
lar in the early fourth stage but is modified 


into an elongate, expanded chamber as devel- 
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opment progresses. In the early fifth stage this 
portion of the vagina is further modified into a 
bulbous, ovejector-like structure. 

The male worm can be specifically identified 
after 60 to 70 days of development since the full 
complement of genital papillae is present and 
the spicules are approaching their maximum 
size, 

The migration of the worms to the heart 
from the intermediate locations takes place 
after the completion of the final molt. Kume 
and Itagaki (1955) coneluded that the migra- 
tion to the heart takes place between the 85th 
and 120th days. However, they found some 
worms in the heart as early as the 67th day. 
Their data indicate that worms may be found 
in the heart and in the tissues between the 67th 
and 120th days, and are found in the heart alone 
after the 120th day. In the present study, worms 
were found in the tissues as late as the 80th day, 
in the heart and the tissues from the 68th to 
80th day, and in the heart alone after the 90th 
day. The migration was always completed by 
the 90th day. It is therefore evident that the 
periods of development in the tissues and of 
active migration into the heart are shorter than 
was expected on the basis of earlier observa- 
tions. The heavy inocula frequently used in the 
earlier studies may have resulted in crowding, 
which in turn altered the normal migratory 
pattern. 

The prepatent period for D. immitis has 
been estimated to be 7 to 9 months (Bancroft, 
1904; Webber and 1955; 
1957). In the present study, microfilariae were 


Hawking, Newton, 
detected in the blood of experimentally-infected 
dogs somewhat earlier (191 to 197 days) and 
the presence of microfilariae in the uteri and 
vaginal canal of younger females suggests that 
microfilariae probably are discharged into the 
bloodstream earlier yet, but in very small num- 
bers. In other species of Dirofilaria the pre- 
patent periods are similar to that of D. immitis 
but show considerable variation. Webber and 
Hawking (1955) reported that D. repens in- 
fections become patent in approximately six 
months while in D. aethiops microfilaremia ap- 
pears at about 11 months (Hawking and Web- 
ber, 1955). In general, the prepatent periods 
of Dirofilaria spp. are considerably longer than 
for most other species of filariae. Wuchereria 
malayi produces microfilariae within 80 to 100 


days, L. carinii and Dipetalonema blanci in 
about 50 days and Conispiculum flavescens in 
41 to 71 days. Avian filarioids develop even 
more rapidly. Anderson (1956) found micro- 
filariae of Ornithofilaria fallisensis in the blood 
of experimentally-infected ducks after 30 to 
36 days. 

Adult D. immitis reach 75 to 80 percent of 
their maximum size by the time the infection 
becomes patent. Edeson and Buckley (1959) 
reported that W. malayi continues to grow for 
at least 10 months after reaching sexual matu- 
rity at about 3 months. Seott (1945) found the 
females of L. carinii may be sexually mature 
when the have reached only 40 percent of their 
maximum length. 

The differences in the number and arrange- 
ment of hypodermal nuclei in the lateral chords 
of adolescent and mature specimens of D. im- 
mitis and D. tenuis suggest the potential value 
of lateral chord structure as an aid in distin- 
guishing species. However, the range of varia- 
tion within the genus has not been fully in- 
vestigated. 


SUMMARY 


From dogs experimentally infeeted with 


Dirofilaria immitis and sacrificed at intervals 
from 5 to 278 days after inoculation, larvae 
were recovered from the subcutaneous tissues 
and muscles during the first 80 days, from the 
heart and the tissues at 67 to 80 days and from 
the heart alone after the 90th day. The third 
and fourth molts were observed in the tissues 
at 9 to 12 days and 60 to 70 days, respectively. 
In the third and fourth larval stages, growth 
and sexual differentiation are rapid. After the 
final molt, the adolescent worms migrate to the 
right ventricle of the heart and undergo a rela- 
tively long period of maturation. Microfilariae 
may be found in the peripheral blood as early 
as the 191st day. 


The sexes are recognizable in the third-stage 


larvae, and thereafter the stage and the appro- 


priate age may be reliably estimated on the basis 
of differentiated reproductive structures, par- 
ticularly in the female. The male worm can be 
specifically identified in the early fifth stage. 
Microfilaremia consistently becomes evident at 
about 6.5 months, although morphological stud- 
ies suggest that microfilariae are liberated into 
the bloodstream even earlier. 
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EXPLANATION OF PLATES 
PLATE I 


(All figures drawn with the aid cf a camera lucida.) 

FigurE 1. Lateral view of an early third-stage (infective) larva showing the position of 
the genital primordium in the male. 

FiGuRE 2. Lateral view of the anterior end of a female third-stage (infective) larva 
showing the position of the genital primordium. 

Figure 3. Ventral view of anterior and posterior ends of an infective larva showing the 
tapered anterior end and the caudal papillae. 

FigurE 4. Anterior and posterior ends of the late third-stage larva from the subcutaneous 
tissues of an experimentally-infected dog; ventral view showing the bluntly rounded anterior 
end and the prominent caudal papillae. 

Figure 5. Lateral aspect of the anterior end of an adolescent female after 90 days of 
development, showing the modification of the proximal portion of the vagina and the position 
of the vulva posterior to the esophageal-intestinal junction. 

Figure 6. Lateral view of the anterior end of a fourth-stage female after 60 days of 
development, showing the expanded portion of the vagina and the large epithelial cells lining it. 

FigurRE 7. Anterior end of a fourth-stage female after 30 days of development; lateral 
view showing the position of the vulva and the beginning of lumen formation in the genital 
tube. 

Abbreviations: EC, excretory cell; ES, esophagus; GES, glandular esophagus; GP, genital 
primerdium; INT, intestiie; MES, muscular esophagus; V, vulva. 


PLATE IT 


(All figures except 1, 4 and 5 drawn with the aid of a camera lucida. 

FicurE 1. Diagrammatic representation of the female reproductive system in a sexually 
mature worm after 190 days of development. 

FiguRE 2. The terminal (anterior) portion of the male reproduetive system in a worm 
after 120 days of development. 

FiguRE 3. Posterior end of an adolescent female worm at 90 days. 

Figure 4. Diagrammatic representation of the lateral chord of Dirofilaria immitis. 

Figure 5. Diagrammatic representation of the lateral chord of Dirofilaria (Nochtiella) 
tenuis. 

FigurE 6. Posterior end of an adolescent male showing the distribution of the genital 
papillae. 
Abbreviations: INT, intestine; OD, oviduct; OV, ovary; PH, phasmid; SR, seminal recep 
tacle; T, testis; UT, uterus; V, vulva; VU, vagina uterina; VV, vagina vera. 


PLATE II] 

FicguRE 1. Photomicrograph of an advanced third-stage larva from the tissues of an 
experimentally-infected dog; glycerine mount, unstained. x 115. 

FIGURE 2. Photomicrograph of the posterior end of a female worm undergoing the fourth 
molt at 60 days. x 240. 

FIGURE 3. Photomicrograph of a lateral chord of Dirofilaria immitis as seen in an ado 
lescent worm mounted in glycerine. Note the large number of nuelei and their irregular arrange 
ment in the sublateral columns. One nucleus of the lateral column is also seen, x 570. 

FiguRE 4. Photomicrograph of a section through a degenerating fourth-stage larva in a 
nodule removed from the tissues of a dog sacrificed 90 days after infection. x 120. 
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OBSERVATIONS ON 


THE 
OF INSECTS AS PARATENIC HOSTS FOR ANCYLOSTOMA 


POSSIBLE ROLE 


CANINUM 


M. D. Livre 
Department of Tropical Medicine and Publie Health, Tulane Medical School, 
New Orleans, Louisiana 


Larvae of the dog hookworm, Ancylostoma 
caninum, can invade and remain infective for 
more than 1 year in the tissues of various ro- 
dents (Nichols, 1956). As these larvae can infeet 
cats and dogs by mouth as well as by skin, it is 
possible that infected rodents may serve as natu- 
ral paratenic hosts. The purpose of the present 
study was to determine whether insects may 
serve as paratenic hosts in the same manner. 

Cockroaches were chosen for investigation 
because they are commonly eaten by cats, they 
are likely to be in contact with hookworm larvae 
under natural conditions, and they have been 
suggested as natural paratenic hosts for other 
nematode parasites of cats (Sprent, 1956). 

MATERIALS 


AND METHODS 


Three species of cockroaches (Blattella ger- 
manica, Periplaneta americana, and Periplaneta 
fuliginosa) were maintained separately in wide- 
mouth gallon jars containing a water bottle and 
pellets of commercial mouse food. The upper half 
of each jar was coated on the inside with petroleum 
jelly to prevent the escape of the cockroaches, and 
the mouth of each jar was covered with several 
layers of gauze to bar the entrance of other insects. 
Tenebrio molitor, the meal worm, was maintained 
in a gallon jar half-filled with rolled oats and 
closed with several layers of gauze. 

Infective A. caninum larvae obtained 
from charcoal cultures and from Harada-Mori eul- 
tures (Harada and Mori, 1955) inoculated with 
feces from dogs. 

The most common method used to infect the 


were 


inseets was to place them on a charcoal-feces eul- 
ture for 15 minutes or more. Another method was 
to inject a saline suspension of infective larvae 
into the body cavity with a tuberculin syringe and 
27-gauge needle. At various periods after inocula- 
tion the insects were examined for larvae either by 
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dissection under magnification, or by digestion of 
macerated tissues at 37 C for 6 hours in a mixture 
of 0.5 percent pepsin and 0.7 percent HCl in 0.85 
percent saline. Following incubation, the digest was 
strained through gauze and concentrated by cen- 
trifugation. The residue was then examined micro- 
seopically for larvae. The tissue digestion method 
also was used for detecting the presence of larvae 
in wild-caught cockroaches, in mice that had been 
used to check infectivity of larvae, and in 
that had been fed wild-caught cockroaches. 

Tissues for sectioning were processed by the 
tissue mat isopropyl alcohol embedding method 
(DeGiusti and Ezman, 1955) and stained with 
hematoxylin and eosin. Generally the entire cock- 
roach was sectioned, but in a few 
tissues were sectioned. 


rats 


cases excised 


RESULTS 

Altogether 177 cockroaches, mostly B. ger- 
manica, were exposed to larvae in charcoal cul- 
tures and upon later examination living larvae 
were found in 161 (91 percent). Larvae were 
13 of 15 T. 


posed in the same manner. 


recovered from molitor adults ex- 

Living larvae were recovered from nearly 
all parts of the cockroaches, including the fat 
bodies, hemocele, muscles, body wall, tracheae, 
and Malpighian tubules (fig. 1). During the 
first 4 or 5 days after infection, larvae were also 
found in the lumen and wall of the gut. Living 
larvae were recovered from B. germanica 80 
days after infection, which was the longest 
period any of the insects were tested. These 
Mal- 


pighian tubules, and exhibited no apparent de- 


larvae were located in the lumen of the 


velopment or growth. The infected Malpighian 
tubules showed no apparent damage. 

In the hemocele of cockroaches, larvae be- 
came encapsulated by phagocytes within 1 or 2 
days after infection (fig. 2). After 34 and 38 
days, only a few were living and most were also 
tightly enclosed in a brownish substance (fig. 3). 

Cockroaches placed on charcoal cultures ap- 


peared to be irritated by larvae on their legs 


and antennae and were observed to remove and 
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ingest them. Within the first few days ingested 
larvae were found throughout the gut. In the 
ease of one nymph of P. americana, which had 
been killed about 2 hours after exposure, larvae 
were found in the lumen and in the wall of the 
the 


Some of the larvae appeared to be in the proe- 


mid-gut beneath peritrophic membrane. 
ess of penetrating into the hemocele, and an 
accumulation of phagocytes on the outer surface 
of the gut in this area was noted (fig. 5). Ex- 
amination of fresh feces from cockroaches 5 
hours after exposure revealed that some of the 
larvae passing through the gut were unharmed 
but most of them were dead. 
When the mouthparts of 25 B. germanica 


were glued together before exposure, larvae 


1 ‘ s 

FIGURE 1. 
larva 3 days after infection (ca 
FiGurRE 2. 
roach 3 days after infection (ca x 496). 


Section of 
x 304 
Seetion showing an 4. 


were observed in each cockroach, mostly in the 
Malpighien tubules. In sections of a nymph that 
had been treated in this manner and fixed about 


2 hours 


after exposure, larvae were found 
within the tissues of the body wali where con- 
siderable phagocytic infiltration had occurred. 
In the same area other larvae appeared to be 
in the process of passing through the unsclero 
tized cuticle on the underside of an overlapping 
tergite (fig. 4). It appeared that after one larvae 
had penetrated the cuticle, others were attracted 
to the same opening. 

Some of the larvae apparently entered the 
spiracles, and then migrated down the tracheae 
to the branches where broke 


smaller they 


a Malpighian tubule of 
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the tracheal walls and entered the 


hemocele, or invaded one of the tissues. In one 


through 


dissection larvae were found within tracheal 
branches that were only slightly greater in di- 
ameter than the larvae themselves. This obser- 
vation, along with the finding of larvae within 
the tracheae of the legs, head, and thorax of 
sectioned cockroaches, strongly suggested the 
spiracles as one portal through which larvae 
might enter the body. Many of the larvae found 
in the tracheae were still ensheathed, indicating 
that they had entered the tracheae by crawling 
through the spiracles and not by penetrating 
the tracheae from the tissues. 

the 


larvae in reaching the Malpighian tubules was 


The most probable route followed by 


a coackroach containing an A. caninum 


caninum larva encapsulated in the hemocele of a cock 


through the openings of the tubules into the gut. 
It is unlikely, however, that they reached the 
Malpighian tubules in that manner when the 
cockroaches’ mouthparts were glued, unless they 
were able to penetrate the gut wall from the 
hemocele and then migrate into the Malpighian 
tubules from the mid-gut. Also, when larvae 
were injected into the body cavities of nine 
nymphs and adults of P. americana, larvae 
the 
them, and from the Malpighian tubules of one 


were recovered from tissues of seven of 
12 days later. In this case it seems probable that 
the larvae penetrated into the Malpighian tu- 
bules from the hemocele. 


Larvae recovered from cockroaches 38 days 
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FIGURE 3. 


Section showing melanin formation around an encapsulated A. 


AS PARATENIC HOSTS FOR ANCYLOSTOMA 


caninum larva 


in the hemocele of a cockroach 38 days after infection (ca x 472). 


FIGURE 4. 


Section of a cockroach showing 4A. 


caninum larvae in the tissues of an over 


lapping area of a tergite where a larva appears to be entering the tissues through the cuticle 


on the underside (¢a x 232). 


after intection still infective for mice. 


From a mouse given 139 of these larvae orally 


were 


and examined 4 days later, 25 larvae were re 
covered: 2 from the lungs and 23 from the ear- 
From 


from the same source percutaneously, 1 was 


cass. another mouse given 130 larvae 
recovered from the lungs and 23 from the ear- 
cass. All of the larvae placed on the skin ap- 
parently penetrated. 

There was evidence that larvae were able to 
survive for at least 1 week on the outer surface 


of cockroaches. Living larvae were found be- 


+ 
OF ones 


FIGURE 5. 
infection (ca x 126). 


tween the overlapping sclerites of the abdomen, 
beneath the edges of the pronota, 7 days after 
exposure. Also, in sections of a cockroach that 
had been exposed 3 days earlier, larvae were 
found within the narrowest folds and crevices 
formed by the cuticle between the selerites. The 
larvae possibly were protected from desiccation 
by the secretions found in these areas. When 
exposed cockroaches were emersed in water the 
larvae on their external surfaces readily became 
detached and swam actively in the water. 

Two cockroaches 


surveys of wild-caught 


sll ‘om 


a) 
a 


3 + 


Section showing A. caninum larvae in the gut wall of a cockroach 2 hours after 
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were made in an attempt to find natural infec- 


tions with A. caninum larvae. In one 


190 eockroaches were collected from three dif- 


survey 


ferent sites in New Orleans. When these cock- 
roaches were examined by the tissue digestion 
the 


species of Gongylonema were recovered. In the 


method, only larvae of an unidentified 
other survey cockroaches were collected fron 
an area of New Orleans where numerous dog 
stools containing hookworm eggs had been ob- 
served (Vaughn and Jordan, 1960). These cock- 
roaches were fed to two laboratory-reared rats 
which were later examined for the presence of 
infections. In one which had been fed 198 cock- 
roaches, four adults of Gongylonema sp. and 
four immature adults of Moniliformis sp. were 
found in the intestine. In the other which had 
been fed 342 cockroaches, five adults of Gongy- 
lonema sp. and one immature maie of Monili- 


formis sp. were found. Nematode larvae were 


not found in the tissues of either rat. 


DISCUSSION 


Only a few investigations have dealt with the 
possible role of cockroaches in the life cyle of 
hookworms, and in these studies only the pos- 
cibility of a mechanical veetor relationship was 
considered. Mcfie (1922) observed that eggs of 
hookworms passed through the gut of cock- 


roaches without apparent harm and some even 


underwent further development within the gut. 


Chandler (1926), however, found that only a 
few hookworm eggs passed through the gut of 
cockroaches and remained viable; the rest were 
destroyed by the grinding organs in the proven- 
His that the cock- 


were controlling hookworm 


triculus. conclusion was 


roaches useful in 
infections in mines because they devoured most 
of the stools deposited there. Porter (1930) 
found hookworm eggs and larvae in the gut of 
cockroaches, but concluded that while they may 
eock- 


intermediate or 


mechanically disseminate these 


stages, 


roaches do not serve as true 


“transport” hosts. 

The demonstration in the present study that 
infective larvae can invade the tissues of eock- 
roaches and survive without growth or develop- 
ment for at least 80 days indicates that these 
insects might be considered as potential para- 
tenie hosts for A. caninum. Also, it was shown 
that larvae recovered from cockroaches 38 days 
infection still infective for mice. 


after were 
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Although only about 18 percent of the larvae 
given to mice were recovered on the fourth day, 
it is probable that most of the larvae were in- 
fective since apparently all of them were able 
to penetrate the skin. The results also indicate 
that cockroaches by carrying infective larvae 
mechanical 
vectors, but it is doubtful that this is of great 
importance in nature. 


on their external surfaces act as 


The role, if any, that cockroaches and other 
insects may play as paratenic hosts for A cani- 
num in nature is difficult to assess. Failure to 
find A. 
roaches does not eliminate the possibility that 


caninum larvae in wild-caught cock- 
they may occur with significant frequency in 
other areas, or at other seasons, or in other in- 
sects. 

If insects do serve as paratenic hosts for A. 
caninum, the cat, being more prone to eat in- 
sects and small mammals than are dogs, is the 
final host most likely to aequire infections in 
this manner. The infections could be acquired 
by eating infected insects or by eating rodents 
which have become infected either by direct 
exposure or by eating infected insects. It has 
seemed unlikely that cats always acquire A. 
caninum infections in the same manner as do 
dogs since their habits differ greatly. However, 
the possibility that cats do not acquire mature 
infections with A. caninum must be considered. 
(1954) 


eurring in 


stated that the hookworms oe- 
different 
Rohde 


(1959) supported this view by showing morpho- 


Biocea 


dogs and eats are two 


species, A. caninum and A, tubaeforme. 
logical differences between the two and by the 
fact that he was experimentally unable to ob- 
tain mature A. caninum infections in eats and 


mature A. tubaeforme infections in dogs. On 
the basis of these findings, it seems likely that 
inseets would serve as paratenic hosts for A. 
tubaeforme and also for A. braziliense which is 
very similar to A. caninum in many respects. 

reactions to larvae in 


The observed tissue 


the hemocele were very similar t~ those pre- 
viously deseribed as occurring in cockroaches 
and other insects (Schell, 1952). Larvae became 
encapsulated by phagocytes as early as the sec- 
ond day after infection. Most of the encapsu- 
lated the 


cockroaches 34 and 38 days after infection were 


larvae recovered from hemocele of 
dead and many were tightly enclosed by a 
brownish substance. The pigmented substance 


observed around parasites in observed insects 
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yas thought by many of the earlier workers to 
be chitin or a chitin-like substance. Recent work, 
however, indicates that it is (Salt, 
1955, 1956). Larvae Mal- 
pighian tubules of the cockroaches escaped en- 


melanin 
which entered the 
capsulation and thus were able to survive for 
longer periods. 


SUMMARY 


Blattella germanica, Periplaneta americana, 
P. fuliginosa, and Tenebrio molitor were suc- 
cessfully infected with third stage larvae of 
Ancylostoma caninum by placing them on char- 
coal-feces cultures containing infective larvae, 
and by injecting the larvae into the body cavity. 
In the infected insects living larvae were found 
in the tracheae, muscles, lumen and wall of the 
mid-gut, body wall, and Malpighian tubules, 
most frequently in the latter. 

Larvae in the hemocele were found to be 
encapsulated by phagocytes within 1 or 2 days. 
After 34 days all but a few of the encapsulated 
larvae were dead. Larvae were not encapsulated 
in Malpighian tubules and were found alive 


there 80 days after infection. There was no ap- 


parent development or increase in size of the 
larvae in any of the insects. Larvae recovered 
from cockroaches after 38 days were found to 
be infective for mice. 

These observations suggest that insects may 
be paratenic hosts for A. caninum and thus 
serve as natural sources of infection, especially 
for cats. Attempts to find larvae of A. caninum 
in naturally-infected cockroaches have been un- 
successful thus far, although wild-caught cock- 
roaches were found to be infected with Gongy- 
lonema and Moniliformis. 
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A NEW GENUS AND TWO NEW SPECIES OF 
ENDOPARASITIC GASTROPODS FROM PUGET SOUND, WASHINGTON 


EvisHa S. TIrKASINGH 


Department of Zoology, Oregon State College 


Although the first papers on endoparasitic 
gastropods were published about a century ago 
(Miiller, 1852; Baur, 1864), little work has been 
done on these forms. The North American para- 
sitie gastropods are still little known. The only 


reports of endoparasitic gastropods occurring 


in North American waters are those of Dean 
et al (1896) and Harrington and Griffin (1897). 
In both papers the authors discuss the redis- 
covery of Entoconcha from the Columbia Uni- 
versity Zoological Expedition of 1896 to Puget 
Sound. The author believes that these specimens 
were misidentified and are actually the parasites 
for which I am proposing a new genus. Re- 
cently, Tikasingh (1960) made a survey of the 
holothurians of Puget Sound, Washington, for 
their endoparasitic gastropods, and found an 
overall 13.3 percent infection. 

The following report is based on collections 
made by the author during the summers of 1955 
and 1959 at the Friday Harbor Laboratories of 
the University of Washington. He 
ported by a National Science Foundation Train- 


was sup- 
ing Grant both summers. Acknowledgments are 
made to the staff of the Friday Harbor Labora- 
tories for facilities; to Dr. Dixy Lee Ray and 
Dr. Robert L. Fernald for many helpful sug- 
gestions; and to Dr. Ivan Pratt for supervision 
of the 


manuscript. 


work and for critical reading of the 


MATERIALS AND METHODS 


Holothurians were collected intertidally and 
dredged up from various regions of Puget Sound, 
Washington. The intestine, body wall, respiratory 
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and examined for infection. 
Parasites were killed and fixed for at least 24 hours 
in Bouin’s fixative and washed at least three times 
percent ethyl alcohol. The material was 
studied under a clearing agent such as toluol for 
gross morphology. Cross and longitudinal 10-micron 
and stained with 


tree, gonads were 


in 70 


sections were also made hema- 
toxylin and eosin. 

Identifications of the holothurians 
on a key prepared by Dr. Elizabeth Deichmann and 


made available by the Friday Harbor Laboratories. 


were based 


Comenteroxenos parastichopoli n.g., n. sp. 


Figures 1, 2, 3 


Host: Parastichopus californicus (Stimpson) 
Habitat: Attached to 
testinal peritoneum of host, but lying in the coelom 
of the host. 
Locality: 
Diagnosis: 


and covered by in 


Sound, 
tubular, para- 
up to 132.0 mm in length; 
from 3.0 to 5.0 Color before 
varies transparent 


Puget 
Long, 
sites of holothurians; 
width mm. 
preservation almost 
yellow to an opaque orange. Pseudopallial cavity 
present with a ciliated tubule at proximal end. 
Muscular systema weakly developed. Other organ 
systems wanting, except for reproductive system. 
Hermaphroditic. A single testis present in pseudo 
pallial cavity near proximal end; oval to bean 
shaped; 1.0 mm in length. Ovary lying above the 
pseudopallial cavity, but stretching along the en- 
tire length of the cavity; complexly branching and 
anastomosing system of tubules. Oviduet connects 
ovary with pseudopallial cavity at distal end; short 
and tortuous. Body wall consisting of two zones of 


Washington. 
vermiform 


varies 
from an 


tissues, an outer zone comprising two layers of host 
peritoneum tissue, and an inner zone made up of 
three layers of tissue and constituting the hody 
wall of the parasite. Type deposited in U. S. Na 
Museum, Molluse Collection No. 574495. 
Paratypes in the parasitology collection of Oregon 


tional 


State College. 
Discussion: Comenteroxenos parastichopoli 
is found attached to the anterior end of the in- 
testine of the host near the region where the 
intestine breaks off during evisceration. These 
parasites are so attached that they are not ex- 
pelled when the holothurian eviscerates. How- 
ever, mature parasites may be detached and 
come to lie freely in the coelom, thereby placing 
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themselves for elimination from the host so the 
young larvae could be set free. 
Comenteroxenos  parastichopoli resembles 
Enteroxenos dstergreni Bonnevie in many re- 
spects; however, the ovary of Comenteroxenos 
consists of a system of complexly branching and 
anastomosing tubules, while the ovary of En- 
teroxenos is made up of a single axial canal 
with many side branches, but never anastomo- 
sing. Moreover, Comenteroxenos possesses a 
single testis as compared to three in Entero- 


xenos. No life cycle study was made, but the 


adult anatomy was adequate to separate this 


form from other described parasitic gastropods. 

The name Comenteroxenos is proposed for 
the generic name of this gastropod, because of 
its affinity with Enteroxenos, while parasti- 
chopoli is suggested for the specific name since 
it has been found only in the sea cucumber 


Parastichopus californicus. 


Thyonicola americana n. sp. 
Figures 4, 5, 6 


Hosts: Eupentacta quinquesemita (Selenka) 
and KE. pseudoquinquesemita Deichmann. 

Habitat: Attached to and covered by the 
intestinal peritoneum of host, but lying in the 
coelom. 

Locality: Puget Sound, Washington. 

Diagnosis: Long, vermiform parasites of 
holothurians, with marked tendency to coiling. 
Length up to 300.5 mm; width up to 2.0 mm; both 
ends rounded. Skin smooth and varies from a light 
yellow to orange in color, sometimes somewhat 
greenish. Most organ systems either reduced or 
completely missing. Hermaphroditic. Reproductive 
system well developed. Several testes (5 in one 
specimen) present at proximal end in pseudopallial 
cavity; each approx. 0.49 mm in diameter, and 
appearing to be budded from a central region at- 
tached to the wall of the pseudopallium. No acces- 
sory sperm ducts or organs. Ovary occupying one- 
third of pseudopallial cavity at distal end, but 
sometimes becoming much reduced in mature ani- 
mals; complexly branching and anastomosing. Ovi- 
duct connecting ovary with end of the pseudopallial 
cavity at distal end; U-shaped, but highly tortuous 
and convoluted. True body wall of parasite covered 
by peritoneum of host. 

Type specimen deposited in U. 8S. National 
Museum, Molluse Collection No. 575495. 

Paratypes in parasitology collection at Oregon 
State College. 


269 
Discussion: Thyonicola americana was in- 
variably found attached to the posterior third 
of the intestine of its hosts. The fact that this 
region of the intestine is known to differ fune- 
tionally (Hyman, 1955, pp. 159-160) from the 
rest may account for the restricted distribution 
of the parasites. 

This new species can be separated from 
Thyonicola mortenseni as described by Mandahl- 
Barth (1941) and Ivanov (1945), on the basis 
of its branching, anastomosing ovary, the vari- 
able number of the testes, and the absence of 
a wall or partition separating the pseudopallial 
cavity from the oviduct. 

The name Thyonicola americana is proposed 
for the species because ours is the first record 
of this genus in American waters. 
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EXPLANATION OF PLATES 


PLATE I 
Figure 1. Young and adult Comenterorenos parastichopoli attached to intestine of host 
(about normal size). 
Figure 2. Optical section through an adult Comenteroxenos parastichopoli (about normal 
size). 
ABBREVIATIONS: EC, Egg capsules with developing embryos; HI, intestine of host; ov, 
ovary; OVD, oviduct; PPC, pseudopallial cavity; TS, testis; TU, ciliated tubule, 


PuaTE II 

Figure 3. Enlarged optical section through the ovary of Comenteroxenos parastichopoli 
(ca x 15). 

FicurE 4. Optical section of a mature Thyonicola americana. 

Figure 5. Optical section through a young Thyonicola americana 36.0 mm long. 

FigurE 6. Enlarged portion of an ovary of Thyonicola americana (about x 35). 

ABBREVIATIONS: EC, Egg capsules with developing embryos; HI, intestine of host; ov, 
ovary; OVD, oviduct; PPc, pseudopallial cavity; TS, testes; TU, ciliated tubule; vs, visceral sac. 


RESEARCH NOTE 


THE NUMBERS OF CROSSOCEPHALUS VIVIPARUS (NEMATODA: 
ATRACTIDAE) IN THE ZEBRA (EQUUS BURCHELLII BOHMI). 


Among hunters in East Africa, the zebra is reputed to be more heavily parasitized with 
intestinal worms than any other game species. Quantitative data are lacking and undoubtedly 
the reputation is largely based on the ease with which the large intestine is inadvertently cut 
when the abdomen is opened. The ingesta then usually appear to consist almost entirely of a 
seething mass of small white worms identifiable as Crossocephalus viviparus (Linstow, 1899). 

We have attempted to estimate the numbers of C. viviparus in the large intestine of the 
zebra. One entire large intestine and three caeca were removed from similar-sized healthy 
animals shot on a game control operation at Konza, Kenya, in June 1959. The volume of in- 
gesta in the large intestine of the first zebra, measured in a large bath, was 60 liters. The 
numbers of C. viviparus were estimated by dilution counts of representative samples of the 
ingesta and were expressed as total numbers in the large intestine of each zebra (table I). 


Tas_e I. The numbers of C. viviparus in the large intestine of each of four zebra. 


Number of C. viviparus 


No. per 
Immature nee 
forms Total 1 ml 


Zebra 
Males Females 
ingesta 


1,080,000 540,000 2,180,000 3,750,000 62 
30,000 30,000 180,000 240,000 4 
11,000 11,000 74,000 96,000 1.6 

132,000 396,000 792,000 ,820,000 29 


Since the number of C. viviparus found in the large intestine of the first zebra was almost 3 
to 37 times greater than in the other three, it is possible that the totals in the latter would have 
been greater had samples of ingesta also been taken from the colon as distinct from the caecum 
only. Nevertheless, these results indicate that a zebra under natural conditions may harbor 
thousands to several millions of Crossocephalus viviparus and yet remain in good physical con- 
dition —G. M. UrguHart anv D. Hay, East African Veterinary Research Organisation, Mu- 
guga, P. O. Box 32, Kikuyu, Kenya. 
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A NEW MESOZOAN FROM THE FLORIDA KEYS* 


Rosert B. SHort 


Department of Biological Sciences, Florida State University, Tallahassee 


In January 1958, two of 16 adult specimens 
of Octopus briareus from the Florida Keys 
were found parasitized by a species of dicyemid 
mesozoan which is deseribed here as Dicyema 
briarei n. sp. An additional 23 specimens of 0. 
briareus, examined in February 1959, were neg- 
ative for mesozoans. Fifteen of these were from 
the Keys and eight from Biscayne Bay, near 
Miami; all but one were apparently mature. 

The description below is based on coverslip 
smear preparations fixed in Bouin’s and San- 
stained with Ehrlich’s 
haematoxylin, 


felice’s fixatives, acid 


haematoxylin and _ iron and 
mounted in Damar. 

I wish to express my gratitude to Messrs. R. 
T. Damian, H. F. Dunlap, G. B. Cline, A. J. 
MacInnis and Drs. R. B. Holliman and A. J. 
Kohn for aid in collecting hosts. Acknowledg- 


ment is also made to Mr. Damian for aid in 


preparation of the material for study, and to 
Dr. Gilbert Voss for identification of the one 
immature octopus. 


Dicyema briarei n. sp. 

Dicyema: Mature vermiform 
stages relatively small; nematogens usually 
than 0.500 mm, rhombogens seldom longer than 
0.700 mm, Lengths of the 10 longest nematogens 
ranged from 0.298 to 0.534 mm. Ten 
iongest rhombogens ranged in length from 0.543 to 
0.961 mm. Total number of somatic cells typically 
20 to 22; the usual number 4 propolars, 4 
metapolars, 2 parapolars, 10 diapolars, 2 uropolars. 
Results of cell counts on 121 individuals are sum- 
marized in table I. Calotte usually orthotropal, 
sometimes slightly plagiotropal; in adults width 
and length almost equal; usually narrower than the 
wider parts of the body, but occasionally as wide 
as or wider than the widest trunk regions; in 
vermiform larvae pointed and longer than wide. 
Calotte usually bluntly pointed in nematogens 
(plate I, figs. 2, 3, 4), more rounded in rhombogens 
(plate I, figs. 1, 5 to 8). Propolar cells smaller 
than metapolars, 


Description: 
less 


observed 


99. 
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TABLE I. Somatic cell 


briarei. 


numbers of Dicycma 


Cell 


No. Totals 


Phase 


Jermi- mm . 
Vern Transi 


tional 


Rhom 
bogen 


Nema- 
togen 


Totals 

Body usually about the same width throughout 
with no conspicuous cephalic swelling; occasion- 
ally a widening posteriorly in rhombogens, caused 
by enlarged diapolar and uropolar cells. Parapoiar 
cells often approximately the same length as calotte, 
sometimes longer. One diapolar cell sometimes ex- 
tending anteriorly as far as base of calotte (plate 
I, fig. 4). Trunk cells arranged typically in op- 
posed pairs or whorls of three. Cytoplasm of trunk 
cells and parapolars characteristically charged 
with particles which appear variously as fine gran- 
ules or small globules of spherical, oval or irregular 
shape (plate ITI, fig. 15) ; particles more numerous 
in uropolar and more posterior diapolar cells, some- 
times causing these cells to become verruciform in 
rhombogens (plate I, fig. 1); granular material 
usually denser and*more conspicuous in rhombogens 
than in nematogens. 

Nuclei of propolar cells slightly smaller than 
those of metapolars; both with small nucleoli and 
small chromatin granules immediately beneath the 
nuclear membranes. Nuclei of trunk cells and para- 
polars of adults with moderate to large nucleoli and 
often characteristically wrinkled nuclear mem- 
branes. Nuclei often very irregular in shape, ap- 
pearing compressed and distorted (plate II, fig. 11) 
in trunk cells heavily laden with granular material. 
Accessory nuclei common, especially in uropolar 
and posterior diapolar cells of rhombogens and 
transitional individuals. 

Anterior extent of axial cell variable. Axial cell 
in vermiform larvae often extending to or almost 
to the propolars; in rhombogens usually more or 
less pointed, inserted between metapolars and ex- 
tending anteriorly to middle of metapolars or be- 
yond, sometimes reaching propolars; in nematogens 
usually ending at or slightly beyond base of meta- 
polars. Accessory nuclei frequently present in axial 
cells of primary nematogens. 
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Vermiform larvae (plate II, fig. 9) about 60 
to 70 microns at time of escape from parent and 
typically containing two axoblasts, one anterior, 
the other posterior to the axial nucleus. 

Rhombogens most commonly with only one or 
two infusorigens, seldom three, rarely four; in- 
fusorigens distributed apparently at random in 
axial cell. Counts of infusorigens in 74 rhombogens 
gave: 49 rhombogens each with 1 infusorigen; 18 
each with 2; 7 with 3; 2 with 4. 

Infusorigens (plate II, fig. 12) relatively 
small with few female cells; for 28 infusorigens: 
range of 3 to 13 female cells per individual, average 
5.9. 

Infusoriforms (plate II, figs. 10, 13, 14) 
rounded posteriorly, usually more bluntly in dorsal 
view than lateral. Average length of 31 apparently 
mature individuals in axial cells, 38.6; range 30.5 
to 45.1 microns. Average length of 11 infusoriforms 
outside rhombogens, 38.6; range 34.8 to 44.0 mi- 
crons. Refringent bodies relatively large but not 
extending to midbody; in face view each appearing 
smaller than contents of urn; in side view appear 
ing larger than urn contents. Material in capsule 
cells irregularly arranged in ill defined 
clumps; in some specimens, a rather uniform layer 
of small, more discrete granules visible near the 
membrane adjacent to the urn contents; granules 
considerably smaller than nuclei of germinal cells. 
Each urn cell containing a single germinal cell and 
two somatic nuclei. 

Host: 

Locality: 


usually 


Octopus briareus Robson, 1929. 

Off Long Key, Monroe Co., Florida. 
Type specimens: Syntypes on slides 481-33 

(U. S. N. M. #39049), 492-19 (U. S. N. M. 

# 39050 and other slides of the 481 and 492 

series in the author’s collection. 


DISCUSSION 


The oceurrence of only two infected octo- 
puses of 39 examined from southern Florida ap- 
pears to be unusual considering the fact that in 
other areas where mesozoans have been reported, 
the majority of octopuses have been found 
1951). In the 
present study one infected host harbored pre- 


parasitized (MceConnaughey, 
dominantly nematogens with a few rhombogens 


and transitional individuals; from the other 
only rhombogens and their products were seen. 

Anomalies of the calotte were observed in 2 
rhombogens, 2 
and 1 transitional individual. In 4 of these, 3 


with 23 somatic cells and 1 with 24, there were 


nematogens, 1 vermiform larva 


5 metapolar cells. An additional nematogen, not 
listed in table I, possessed 31 somatic cells, with 
7 propolars (?), 5 metapolars, 4 parapolars, 13 
diapolars and 2 uropolars. 

The presence of accessory nuclei in the axial 


cell of nematogens of D. briarei is somewhat un- 
usual, although it has been reported to be a 
rather constant character in other species such 


as D. schulzianum and Dicyemennea gracile 
(Nouvel, 1947). In D. briarei accessory nuclei 
in axial cells of nematogens are quite common. 
The free nuclei were counted in 27 nematogens 
of various ages, including young individuals 
which appeared to be primary nematogens; 
there were 4 to 10 nuclei in 21 individuals and 
from 1 to 23 in the other 6. 

D. briarei is the only species of mesozoan 
reported from Octopus briareus and the third 
from the coast of Florida. Dicyema aegira Me- 
Connaughey and Kritzler, 1952, and D. typus 
van Beneden, 1876, have been reported from 
Octopus vulgaris collected near St. Augustine, 
Florida (MeConnaughey and Kritzler, 1952), 
and D. aegira from the same host in the Gulf of 
Mexico (Short, 1957). D. typus is well known 
from Eurepe and, in addition to other dif- 
ferences, has typically 18 or 19 somatic cells, 
fewer than the 22 characteristic of D. briarei. 
D. aegira is similar to D. briaret in somatie cell 
differs 
larger adult vermiform stages; tendency for 


number but in a number of respects: 
infusoriforms and their products to be located 
well forward in rhombogens causing a cephalic 
swelling; termination of the axial cell at the 
base of the metapolars; somatic cells not con- 
spicuously charged with granules; less tendency 
trunk eells; 
relatively smaller refringent bodies in the in- 


toward verruciform condition of 
fusoriform. 

The somatic cell number of 22 is character- 
istie of 7 additional species of Dicyema: D. ac- 
ciatum MeConnaughey, 1949; D. 
Nouvel, 1947; D. balamuthi MeConnaughey, 
1949; D. misakiense Nouvel and Nakao, 1938; 
D. orientale Nouvel and Nakao, 1938; D. 
1944, and D. 
(van Beneden, 1876). Besides having different 


apollyoni 


ron- 


deletiolae Nouvel, schulzianum 
hosts, these can be separated from D. briarei by 
various morphological characters including the 


shape of their calottes. 
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EXPLANATION OF PLATES 


All figures were drawn with the aid of a camera iucida. 
Seale for figure 1 also for figure 2; scale for figure 9 also for figures 3-8; scale for figure 
also for figures 12 and 13. 


PLATE I 
FiGuRE 1. Entire rhombogens. 
FicurRE 2. Entire nematogens. 
FIGURES 3 AND 4. Anterior ends of nematogens. 
Figures 5-8. Anterior ends of rhombogens. 
Figure 9. Vermiform larvae; both were within axial cell of parent nematogens. 


PiaTe IT 
FigvrRE 10. Infusiform larvae, showing refringent bodies and urn contents of different indi 
dividuals in various views. Individuals of top row were apparently mature and within axial 
cells of rhombogens; others were outside axial cells. 
FigurE 11. Optical sections of distorted nuclei in somatic cells containing much cytoplasmic 
granular material. Rhombogen. 
Figure 12. Infusorigen and paranucleus in axial cell. 
FIGURE 13. Dorsal view of infusiform larva within axial cell. Note also nuclei of uropolar 


cells of rhombogen. 
FIGURE 14. Parasagittal optical section of infusoriform larva within axial cell which is not 


shown. 


PuaTe IIT 
Figure 15. Posterior ends of rhombogens showing variation in character of granular material. 
Sanfelice fixation, iron-haematoxylin stain. 
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Wirtschafter, Saltman and Jahn (1956) 
found that whole cells and homogenates of 
Trichomonas vaginalis oxidized pyruvate and 
malate but no other tricarboxylic acid cycle 
(TCA) substrates. The commonly used inhibi- 
tors of the cycle enzymes had no effect and no 
tagged intermediate substrates could be isolated 
after ineubation of the organisms in 2C' 
pyruvate. 

Read (1957) also failed to demonstrate the 
TCA eyele, including malic dehydrogenase, in 
whole cells of 7. vaginalis. Seaman (1953) found 
small amounts of succinic dehydrogenase in 
homogenates of the organism. 

Preliminary experiments in our laboratory 
indicated the absence of aconitase, isocitrate 
dehydrogenase, and fumarase in homogenates 
but showed a very active malic dehydrogenase. 
This paper describes several properties of the 
partially purified malic dehydrogenase of T. 
vaginalis. 


MATERIALS AND METHODS 


The isolation, cultivation, and harvesting of 
organisms has been deseribed (Baernstein, 1959). 
About 3 to 4 g wet weight of organisms were ob- 
tained from 20 flask cultures. This may be doubled 
by the addition of sodium bicarbonate (0.0125 m) 
to the medium since the population is limited by 
the acid formed. 

An acetone powder was prepared by adding 20 
ml cold acetone to the packed organisms with 
stirring. After 15 minutes the mixture was centri- 
fuged in the high speed head (17,000 g) of a re- 
frigerated centrifuge, the yellow supernate was 
discarded and the acetone treatment repeated. All 
manipulations were performed at 0 C unless other- 
wise indicated. The dry weight after evaporation 
of the acetone was about 15 percent of the wet 
weight. The powder may be stored in the refrig- 
erator for several days without apparent loss. 

About 1 g of acetone powder was suspended 
in 20 ml 0.1 M phosphate buffer pH 7.5 and trans- 
ferred to the cold cup of a 9 KC sonie oscillator. 


Received for publication May 20, 1960. 
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A 15-minute exposure was sufficient to extract all 
the malice dehydrogenase. The whole homogenate 
was sampled and analysed for malic dehydrogenase 
and protein. 

In contrast to homogenates of wet organisms 
(Baernstein, 1959), these homogenates give no 
reaction for DPNH oxidase and a greatly reduced 
activity for lactic dehydrogenase. Malice dehy- 
drogenase activity, however, is only slightly reduced 
by the acetone treatment as described. After ex- 
traction, acetone treatment even at very low tem- 
peratures inactivates malic dehydrogenase. 

Activity of malic dehydrogenase was deter- 
mined spectrophotometrically as described by 
Ochoa (1955). One unit of activity decreased op- 
tical density at 340 millimicrons 0.010 per minute 
in a total volume of 3.0 ml using a 1.0-em light 
path. Specific activity was expressed as units per 
mg protein. Protein was determined by the method 
of Lowry et al, (1951). Maximum specific activity 
can be obtained with our mixtures up to about 10 
units of enzyme. 

Diphosphopyridine nucleotide (DPN) from 
Pabst was 90 percent pure; triphosphopyridine nu- 
cleotide (TPN) Sigma 96.5 percent enzymatically 
reduced DPN (DPNH) Sigma 90 percent; oxal- 
acetic acid (OAA) Krishell; 1l-malie acid, East- 
man; paramercuribenzoic acid (PMB) Nutri- 
tional Biochemical Corp.; tris (hydroxymethyl) 
amino methane (tris), Fisher; D(+) malice acid 
and L(—) malie acid, Mann Research Labs. 


RESULTS 


The reduction of DPN by malate and reversal 
by OAA. T. 
enzyme which brings about the following reac- 


vaginalis homogenates contain an 


tion: 
1. Malate + DPN @ OAA+ DPNH + H° 


the 
malate and DPN, optical density at 340 milli- 
microns increases rapidly at first and then 
gradually slows up. The lack of linearity is 
owing to the accumulation of the product OAA 
which has a greater affinity for the enzyme than 
malate (see below). At the point indicated by 
the arrow a small amount of OAA was added, 
resulting in a rapid reoxidation of DPNH. For 
the purposes of assay the reduction of OAA is 


Figure 1 shows that in presence of 
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Figure 1. Oxidation of malate by DPN and 
reversal of OAA. (Complete system: 0.1 M tris 
pH 7.5, 1.0 ml; 2.0 mm DPN, 0.2 ml; 0.5 M 
ate, 0.2 ml; to 2.9 ml. Reaction started 
with 0.1 ml enzyme (fraction precipitating between 
40 and 60 percent saturated ammonium sulfate 
At the arrow 0.2 ml OAA, 0.01 M was added. 


mal 
water 


superior to the oxidation of malate. However, in 
crude extracts, a complication arises owing to 
the instability of OAA. Solutions of OAA read- 
ily lose CO, and give rise to pyruvate (reaction 
2) and in the presence of lactic dehydrogenase, 
increase the rate of oxidation of DPNH (reac- 
tion 3). For this reason only fresh solutions of 
OAA may be used when LD is present. 


2. OAA = CO, + pyruvate 
3. Pyruvate + DPNH + H+ = lactate + DPN 


Chemical balance. Support for reaction 1 
may be obtained by limiting the extent of reac- 
tion by restricting the amount of OAA added 
to the assay mixture containing an excess of 
DPNH and after equilibrium has been reached 
to measure the amount of DPNH which has been 
shows the results of several 

The 


satisfactory but does not rule out interference 


oxidized. Table I 


such experiments. agreement shown is 


from reactions 2 and 3. 

Optimum px. A set of mixtures containing 
excess OAA and DPNH was prepared with 
varied amounts of acid and alkali instead of 


water. Activities were determined with a fixed 


amount of enzyme and the px determined at the 


end of the experiment. The highest activity oc- 


curred at pH 7.85 and 85 percent of this value 
occurred at 7.80 and 7.95. 

A similar experiment was performed on the 
oxidation of malate by DPN. The lack of lin- 
earity seriously interferes with the accurate 
evaluation of density changes, but as the pH is 
inereased the rate becomes linear and a maxi- 
mum activity oecurs from 9.18 to 10.71. Two 
factors responsible for this high optimum are 
the dissociation of a proton and the decreasing 
velocity of the back reaction. 

Relation of activity to concentration of OAA 
and DPNH. In the 
DPNH, the concentration of OAA was varied 
from 0.0 to 24x10-°M deter- 

) 


mined in the usual way. Curve A in figure 2 


presence of excess of 


and activities 
shows a maximum activity of 8200 units per ml 
of undiluted enzyme containing 1.58 mg protein 
per ml. Saturation of the enzyme occurred at 
6x 10-° m OAA. A concentration of 2x10 m 
gave one-half maximum activity. The corres- 
ponding K,, for malate was 1 x 10-° mM. 

A similar experiment with excess OAA and 
varied amounts of DPNH, standardized spectro- 
photometrically, gave curve B, figure 2. The 
enzyme used was the same one used in the last 
experiment but had been stored for 10 days at 
0 C. The maximum activity was 5525 units per 
ml, a loss of one-third its former activity. Half 
maximum activity occurred at 2 x 10-° m DPNH. 

Fractionation of the homogenate. Harvest 
of 26 flask cultures of T. vaginalis gave 5.2 ¢ 


TABLE I. Chemical balance. 
0.1 tris pH 7.50, 1.0 ml; 2 micromoles per ml 
DPNH, 0.2 ml; enzyme 0.02 ml diluted, partially 
purified homogenate; water to make 3.0 ml final 
volume after starting the reaction with 0.02 to 0.2 
ml 0.001 M OAA, Density at 340 millimicrons 
determined before adding OAA and after 1 hour. 
A control without OAA gave endogenous activity 
which was subtracted from the changes found and 
the remainders were multiplied by 
DPNH 
made for slight differences of volume before add 
ing OAA.) 


(Complete mixture: 


3/6.3 to give 


micromoles oxidized. No correction was 


DPNH oxidized, 
micromoles 


OAA taken, 
micromoles 


0.0238 
0.0380 
0.044 
0.090 
0.147 
0.197 


0.02 
0.08 
0.05 
o.10 
0.15 
0.20 
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wet weight of organisms and 0.5 g of acetone 
powder. This was suspended in 20.0 ml 0.1 
phosphate buffer pH 7.5 and treated in the 
sonic oscillator for 15 minutes at 2 C. The whole 
homogenate was sampled for activity and pro- 
tein determinations, and treated with 3.0 ml 
eold 15 percent CaCl, at 2 C and the mixture 
stirred for 15 minutes. The pH dropped from 
7.5 to 5.0 as ealecium phosphate precipitated. 
The suspension was centrifuged in the high- 
speed head of a refrigerated centrifuge for 15 
minutes at 20,000 g, the supernate immediately 
separated and brought to px 7.8 with 10 percent 
trisodium phosphate (6.3 ml). A second calcium 
phosphate precipitate was removed and the 
volume made up to 30 ml with water. The clear 
yellow supernate was sampled for analysis and 
treated with solid ammonium sulfate. Ten and 








UNITS X 10> PER ML. 








| l l | 
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Figure 2. Relation of activity to concentration 
of OAA and to DPNH. Curve A. OAA concentra- 
tion. Complete system: 0.1 M tris pH 7.5, 1.0 ml; 
DPNH 2 mM, 0.2 ml; 0.001 M OAA 0.05 to 
1.0 ml; water to 2.98 ml. Reaction started by 
adding 0.02 ml of a 1: 20 dilution of a fraction 
precipitating at 60 percent saturated ammonium 
sulfate (1.58 mg protein per ml.). Maximum ac- 
tivity 8200 units per ml K,, 2 x 10-5 mM OAA. Curve 
B. DPNH concentration. Complete system: 0.1 


M tris pH 7.5, 1.0 ml; DPNH 1.215 mm 0.02 
to 0.2 ml; 0.1 M OAA, 0.2 ml; water to 2.98 
ml; reaction started by adding 0.02 ml of the 
same preparation as above but 10 days older. 
Maximum activity 5525. K,, 2x10-5 Mm DPNH. 


one-half g of the salt were slowly added while 
for 30 minutes. The 
precipitate was removed and dissolved in 5 ml 


stirring was continued 


water and analyzed. The supernate which was 
50 percent saturated was made up to 65 percent 
saturated by the addition of 3.2 g of ammonium 
sulfate, stirred for 15 minutes, centrifuged, and 
the precipitate separated and dissolved in 5 ml 
water. Table II shows a 13.6-fold purification 
and a 54 percent yield. The solution still con- 
tained lactic dehydrogenase with about 10 per- 
cent the specific activity of malic dehydrogenase. 
The former enzyme had been purified 10 times 
and the yield was 40 percent. Further attempts 
to purify malic dehydrogenase with organic 
solvents and calcium phosphate gel were unsue- 
cessful. 


TABLE II. Fractionation of homogenate. 


Units 
Units per 
per mg 
ml pro 
tein 


Total 
Vol. pro 
ml tein, 

mg 


Total 


> 
Treatment units Pur 
x 108 ity 


Whole 

homoge- 

nate 20 402 
Calcium 

phos 

phate 30 219 
Ammo- 

nium sul 

fate 50 

percent 
Ammo- 

nium sul 

fate 65 

percent 


23800 1194 


15200 2080 


51800 16200 


Actwity of TPNH in the reduction of OAA. 
When chemically reduced TPN (Kaplan et al, 
1952) was substituted for enzymatically reduced 
DPNH in the assay mixture, no activity was 
found. Mehler et al (1948) found that TPNH 
gave only 3 percent of the rate given by DPNH 
and a purified pig heart malic dehydrogenase, 

Inhibition by sulfhydryl reagents. No sig- 
nificant inhibition of malic dehydrogenase was 
found when the partially purified enzyme was 
incubated for 30 minutes with iodoacetate, iodo- 
acetamide, or arsenite at 7.15x10-*m. On the 
other hand, paramercuribenzoate gave complete 
inhibition under the same conditions, and BAL 
(3.3 x10-° m) restored 40 percent of the orig- 





282 


inal activity. Wolfe and Nielands (1956) found 
that seven equivalents of PMB were required to 
completely inactivate malic dehydrogenase from 
heart but this inhibition was not reversible. 
Heat stability. It that en- 
zymes differ in their stability to heat and that 
factors such as pH, and salt concentration alter 


is well known 


the rate of inactivation. Many workers have also 
noted a protective effect of substrate on the 
stability of certain enzymes (Vestling et al, 
1959; Kaufman et al, 1951) and, owing to the 
specific nature of the interaction of enzyme and 
its substrate differential inactivation becomes a 
possibility. 

A fraction of T. vaginalis homogenate which 
had been subjected to two ammonium sulfate 
treatments (and still showed lactic and malice 
dehydrogenase activity) was separated into two 
portions. One portion was diluted with an equal 
volume of 0.2 m phosphate pu 7.5, the other 
with 0.2 m malate pu 7.6. Each mixture was 
then tested for lactic and malic dehydrogenase 
activity. They were then heated in a water bath 
at 45 C for 5 minutes, sampled, and returned to 
the bath. Samples were withdrawn at 10 and 15 
minutes and assayed. The results appear in table 
IIT. 

There was a considerable difference between 
the stabilities of lactic and malice dehydrogenases. 
The presence of malate did not prevent rapid 
and complete inactivation of lactic dehydroge- 
nase. Malic dehydrogenase was much more stable 
in phosphate than was lactic dehydrogenase and 
malate gave almost complete protection. Unfor- 
tunately this differential inactivation could not 
be used in purification owing to the absence of 
precipitated denatured protein. 

Oxidation of malate. 


optical isomers of 


Malic dehydrogenase of T. vaginalis oxidizes 
only the L(—) isomer of malate which is the 
naturally occurring configuration. A sample of 
D(+) malate having a rotation of + 2.6 at 20 C 
when used at a concentration of 0.033 m px 8.5 
was not oxidized by DPN in the presence of a 
purified malie dehydrogenase (4180 units per mg 
protein). 


DISCUSSION 


Organisms harvested from 72-hour culture 
may be unsuitable if growth has stopped. It is 
necessary to harvest the organisms before they 
settle out, since the settled organisms quickly 
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TABLE III. Heat 
dehydrogenase. 


stability of lactic and malic 


Percent original activity. 


Lactic 
dehydrogenase 


Malic 


Minutes 
dehydrogenase 


at 45 C 


Phos 
phate 


Phos 


Malate phate 


Malate 


2900* 2500" 10700* ~TO00* 
0 100 100 100 100 
5 10 2 69 94 
10 3 0 56 S4 
15 0 0 nd 92 


Units per ml. 


lose enzymatic activity. By proper adjustment 
of inoculum, incubation temperature, and dura- 
tion of incubation satisfactory material may be 
obtained. The yield of wet organisms is greatly 
dependent on the buffer capacity of the medium. 
With a starting pu of 6.0, the final px drops to 
4.5 without bicarbonate and the wet weight of 
organisms from 25 flasks will rarely exceed 4.0 
g. The addition of 1.0 ml m 


flask gave a final pu of 5.5 and the wet weight 


bicarbonate per 


was 7.0 g. The organisms were still motile and 
gave very active homogenates. 

The preparation of acetone powders of T. 
vaginalis is advantageous in several ways when 
malic dehydrogenase is being studied. Endog- 
DPN 
in the extracts, probably as a result of the re- 


enous oxidation of reduced is abolished 
moval of a part of the DPNH oxidase (Green 
and Lester, 1959). While this activity is usually 
quite low and in our experiments was diluted 
out, the enzyme may be of importance when the 
organism is exposed to oxygen (Ninomiya and 
Suzuoki, 1952). 

A more important effect of acetone treat- 
ment is the inactivation of over half the lactic 
dehydrogenase which may be found in extracts 
of wet organisms. The average of 15 homoge- 
nates of wet organisms gave 600 units of lactic 
dehydrogenase per mg protein and 1010 units of 
malic dehydrogenase. The corresponding values 
for homogenates of 22 acetone powders were 
268 and 770. It is apparent that lactic dehy- 
drogenase suffers more denaturation than malice 
when the intact cells are treated with acetone. 
Our attempts to purify these enzymes with ace- 
tone or aleohol showed that both 


were com- 


pletely denatured in extracts. It thus appears 
that these two enzymes may be differently situ- 
ated in the cell. Straub (1942) found that lactic 
dehydrogenase could be washed out of heart 
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mince with water but malie dehydrogenase re- 
mained attached to the residue. On the other 
hand, acetone powders yielded malic dehydroge- 


nase readily. This and other evidence (Huenne- 
kens, 1951; Davies and Kun, 1957) indicates 
that malice dehydrogenase of mammals is bound 
in mitochondria and that acetone and prolonged 
sonication (Hogeboom and Schneider, 1955) 
remove the barrier to extraction. It would be 
interesting if malic dehydrogenase of 7. vagi- 
nalis were also bound in mitochondria. 

The use of CaCl, and sodium phosphate in 
the first step of our purification is not to be 
construed as a gel treatment, since the same 
result can be obtained by using acetic acid and 
sodium hydroxide. The pH change produced by 
CaCl, and large excess of sodium phosphate 
added prevent adsorption of the enzymes stud- 
ied. 

The well known instability of OAA solutions 
on storage, yielding pyruvate (reaction 2), can 
readily be shown by using erystalline lactie de- 
hydrogenase instead of malic dehydrogenase 
preparations containing variable amounts of 
lactic dehydrogenase. With fresh solutions of 
OAA crystalline lactic dehydrogenase shows no 
activity but within an hour the presence of 
pyruvate is readily detected. There can be little 
doubt that determinations of malie dehydrogen- 
ase activity in crude extracts are too high 
owing to this contamination with pyruvate. As 
purification progresses and lactic dehydrogenase 
is separated this source of error becomes insig- 
nificant. 


SUMMARY 
Purified sonicates of Trichomonas vaginalis 
contain a malie dehydrogenase which is linked to 
diphosphopyridine nucleotide and L(—) malate. 
Neither 
D(+) malate react to a significant extent. A 13- 


triphosphopyridine nucleotide nor 
fold purification of the enzyme was obtained in 
54 percent yield with ammonium sulfate frac- 
tionation. Attempts to utilize organic solvents 
and phosphate gels were unsuccessful. Acetone 
powders prepared from wet cells gave better 
extracts for purification of malic dehydrogenase 
than could be obtained directly. The purified 
enzyme lost activity when stored in dilute solu- 
tion at 0 C or when heated to 45 C. It was pro- 
tected from heat inactivation by 0.1 m L(-) 
malate pH 7.6. Iodoacetate, iodoacetamide, and 
arsenite had no inhibiting effect, but paramer- 
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curibenzoate inhibited completely. BAL restored 
nearly half the original activity. One-half the 
maximum activity was obtained with 2x10-° m 
oxalacetate and DPNH and with 1x10-° m 
malate. 


ACKNOWLEDGMENTS 
The assistance of Miss Lucy Reardon and 
Mrs. Violet Davis in providing cultures is 
gratefully acknowledged. 


REFERENCES 


1959 Lactic dehydrogenase 
vaginalis. J. Parasit. 465: 


BAERNSTEIN, H. D. 
in Trichomonas 
491-498. 

Davigs, D. D. AND Kun, E. 1957 Isolation and 
properties of malice dehydrogenase from ox- 
heart mitochondria. Biochem. J. 66: 307-316. 

GREEN, D. E. AND Lester, R. L. 1959 Role of 
lipides in the mitochondrial electron trans- 
port system. Fed. Proc. 18: 987—1000. 

Hogresoom, G. H. AND SCHNEIDER, W. C. 1955 
The cytoplasm, Jn The Nucleic Acids, Chargoff 
and Davidson, vol. IZ, pp. 199-246. 

HvUENNEKENS, F. M. 1951 Studies on the eyclo- 
phorase system. XV. The malic oxidase. Exp. 
Cell. Res. 2: 115-125. 

KapLan, N. O., Cotowick, 8. P. AND NEUFELD, 
E. F. 1952 Pyridine nucleotide transhydro- 
genase. II. Direct evidence for and mechanism 
of the transhydrogenase reaction. J. Biol. 
Chem. 195: 107-119. 

KaurMan, S., Korkes, 8. AND DEL CAMPILLO, A. 
1951 Biosynthesis of dicarboxylie acids by 
carbon dioxide fixation. V. Further study of 
the “malice” enzyme of Lactobacillus arabi- 
nosus. J. Biol. Chem. 192: 301-312. 

Lowry, O. H., RosEsroueH, N. J., Farr, A. L. 
AND RANDALL, R. J. 1951 Protein measure- 
ment with the Folin phenol reagent. J. Biol. 
Chem, 193: 265-275. 

Menuuer, A, H., KornperG, A., Grisouia, 8S. 
OcHoa, S. 1948 The enzymatic mechanism 
of oxidation-reduction between malate and iso- 
citrate and pyruvate. J. Biol. Chem, 174: 961 
977. 


Ninomiya, H. 


AND 


AND SvuzuoKI-Ziro. 1952 The 
metabolism of Trichomonas vaginalis with 
comparative aspects of Trichomonads. J. 
Biochem, (Japan) 39: 321-331. 

Ocnoa, S. 1955 Malic dehydrogenase from pig 
heart. Pp. 735-739 in Methods in Enzymology 
I. Edited by Colowick, 8S. P. and Kaplan, 
N. D. Acad. Press, N. Y. 

Reap, C. P. 1957 
physiology of trichomonad protozoa. J. 
sit. 43: 385-394. 

SEAMAN, G. R. 1953 Inhibition of succinic de- 
hydrogenase of parasitic protozoans by an 
arseno and phosphono analog of succinic acid. 
Exp. Parasit. 2: 366-373. 


Comparative studies on the 
Para- 





284 THE JOURNAL OF PARASITOLOGY 


Straus, E. B. 1942 Reinigung der Apfelsaiirede 1956 The metabolism of Trichomonas vagi- 
hydrase und die Bedeutung der Zellstruktur nalis: the oxidative pathway. J. Prot. 3: 
in der Apfelsiure dehydrierung. Z. Physiol. 86-88. 
Chem. 275: 63-72. Wo.tre, R. G. AND NIELANDSs, J. B. 1956 Some 
VesTLine, C. S. 1959 Rat liver malic dehydro molecular and kinetic properties of heart 
genase purification. Fed. Proce. 18: 343. malice dehydrogenase. J. Biol. Chem. 221: 
WIRTSCHAFTER, S., SALTMAN, P. AND JAHN, T. L. 61-69. 


RESEARCH NOTE 

POST-PARTURIENT INFECTION OF THE BITCH WITH TOXOCARA CANIS. 

Post-natal infection with Toxocara canis by tracheal migration of larvae has been found 
to occur in puppies less than 30 days old by Noda (1957, Bull. Univ. Osaka Prefecture, Ser. B 
7: 47-55), and in puppies less than 35 days old by Sprent (1957, J. Parasit. 43 (supp.): 45; 
1958, Parasitology 48: 184-209). On the other hand these workers (Noda, 1958, Bull. Univ. 
Osaka Prefecture, Ser. B 8: 73-88; Sprent, 1957 and 1958) also found that post-natal infection 
of adult dogs does not occur, because the larvae undergo a somatic migration in older animals 
and hence do not reach the intestine. It wou!d appear that the only method whereby post-natal 
infection of dogs could occur is through the ingestion of intermediate hosts harboring second 
stage larvae in the tissues (Sprent, 1958). 

In contrast to these findings there are several reports in the literature (Augustine, 1927, J. 
Parasit. 13: 256-259; Noda, 1956, Bull. Univ. Osaka Prefecture, Ser. B 6: 65-72; Webster, 
1958 Canadian J. Zool. 36: 435-440 and Douglas and Baker, 1959, J. Parasit. 45 (supp.): 43 
which indicate that adult dogs do become infected with this parasite and that this applies par 
ticularly to bitches immediately following parturition. Sprent and English (1958, Austral. 
Vet. J. 34: 161-171) attempted to explain the appearance of eggs in the feces of parturient 
bitches as a result of the eggs being swallowed by the bitch through their habit of licking the 
feces of their puppies. But it appears likely from recent experiments that bitches swallow 
not only eggs during this period, but also larvae. Larvae migrate from the lungs of newborn 
pups into the intestine, but some of them fail to maintain a hold in the intestine and are 
swept out in the feces. Thus they are swallowed by the bitch and are able to set up infection 
in the alimentary tract. 

A pregnant bitch was infected with 10,000 eggs of T. canis. Ten days later six puppies were 
born. Five were killed at 7, 10, 12, 13, and 17 days, respectively, after birth, and in each instance 
100 to 200 larvae from the intestine were placed in a gelatin capsule and administered orally 
to a series of adult dogs (dogs A—E), whose feces had been consistently negative for eggs of 
T. canis. 


The remaining puppy was kept with the mother until eggs of T. canis appeared in its feces. 
Eggs began to appear in the feces of both puppy and the bitch at 31 days after birth of the 
litter. The bitch passed 227 worms 39 days after the pups were born. The dogs (A-E), to 
which larvae had been administered, began to pass eggs at 31, 33, 35, 37, and 34 days, respec 
tively, after the birth of the puppies. 


In all six puppies, larvae were found in the contents of the large intestine and, hence, it 
is likely that some of the larvae migrating from the lungs do pass out in the feces. The experi 
ment suggests that between 7 and 17 days after birth of prenatally infected pups, T. canis 
larvae do pass into the rectum and that they are capable, if swallowed, of setting up infection 
in adult dogs.—J. F. A. Sprent, Department of Parasitology, University of Queensland, 
Yeerongpilly, Brisbane, Queensland, Australia, 





GLUCOSE CONSUMPTION BY HAEMOPROTEUS COLUMBAE 


Req@inatp D. MANWELL AND CLARENCE A. LOEFFLER** 


In spite of a considerable amount of investi- 


gation of the quantitative glucose consumption 


rates of the malaria parasites, we still have no 
direct knowledge of the glucose requirements of 
gametocytes, since sexual and asexual forms 
vannot be separated. However, Haemoproteus 
infections provide gametocytes of a closely re- 
lated genus suitable for physiological study 
since asexual forms do not occur in the periph- 
eral circulation. While data derived from such 
study cannot be directly applied to Plasmodium 
what is true of the sexual forms of one genus is 
likely to be essentially true of the other. 

This report deals with the quantitative glu- 
cose disappearance rates of gametocytes, or 
more aecurately, of the parasite-host cell com- 
plex. Although one may question what the im- 
mediate fate of this glucose may be, since more 
than one of the energy-producing cycles may be 
in operation, we shall speak of it simply as glu- 
cose disappearance or glucose consumption. We 
have found it convenient to deal with glucose 
utilization as a function of parasite area. Since 
the rate of glucose consumption is dependent 
not only on the host cell and the parasite within 
it but also probably on whether the microgam- 
etocytes are undergoing active microgametogen- 
esis (“exflagellation’’) it has been necessary to 
take account of the latter. 


MATERIALS AND METHODS 


The methods employed in this study are es 
sentially the same as used in similar studies of the 
plasmodia by Manwell and Feigelson (1949), War- 
ren and Manwell (1954), and Khabir and Manwell 
(1955). 

Blood for glucose determinations was obtained 
from pigeons caught locally, many of which were 
found to harbor naturally acquired infections. It 
was withdrawn intracardially in a constant tem- 


Received for publication June 9, 1960. 

* From the Department of Zoology, Syracuse 
University, Syracuse, N. Y. Aided by Grant E-896 
(C3) from the National Institutes of Health. 

** Present address of the junior author, De- 
partment of Zoology, University of Rochester, 
Rochester, N. Y. 


perature room (39+1 C.) and placed in a rocker 
dilution tube of the Harvard culture type (McKee 
et al, 1946). Abbott heparin was used as an anti- 
coagulant: 20 units per ml of blood. The initial 
glucose samples were removed after the heparinized 
mixture was placed in the rocker dilution tabe; all 
blood samples were prepared in duplicate. At the 
time of the initial glucose determination blood 
smears and erythrocyte counts were made from the 
blood-heparin mixture in the rocker tube. Subse- 
quent determinations of made at 
measured intervals, as shown in the graphs, for 180 
minutes, except for four experiments in which the 
total period of study was 90 minutes. 


glucose were 


Since quantitation of glucose consumption by 
the parasite-host cell complex was desired, and 
since a parasitized sample contains unparasitized 
mature erythrocytes and reticulocytes as well as 
parasitized blood cells, independent control experi 
ments were performed with blood samples con- 
taining unparasitized blood. Reticulocytosis was in- 
duced by phenylhydrazine hydrochloride via 
oesophageal catheter. The total dosage of this 
drug, 5.9 mg per 100 grams body weight, was ad- 
ministered over four consecutive days. Glucose 
determinations were made at various 
reticulocytosis to find out whether usage and degree 
of reticulocytosis are related linearly. Glucose 
utilization of unparasitized blood obtained from 
healthy pigeons was also measured. 


levels of 


Previous investigations have reported glucose 
disappearance rates in such units that a direct 
comparison could not be made between equal units 
of surface area of blood cells and the parasite- 
host cell complex. Although we report the data in 
the former manner, we have ineluded 
disappearance rates in terms of equal units of 
surface area. To determine surface areas, parasites 
were first arbitrarily classified by size into four 
groups in relation to the nucleus of the host cell, 
as indicated in the key to tabulated sizes at the 
bottom of table II. These sizes are graphed in 
figure 4 to show their distribution. The average 
surface area of each gametocyte was determined 
from measurements of two to five different para- 
sites in 16 experiments. For computation purposes 
the parasites were regarded as rectangular, with 
two surfaces and of zero thickness. The sampling 
procedure was random. The surface area of the 
red blood cells was determined by considering them 
as elliptical disks of zero thickness. The total 
surface of the latter was therefore regarded as 
equal to 2ab, where “a” and “b” are equal to one- 
half the major and minor axis of the cell. Oil im- 
mersion (95x) and a 10x ocular provided with a 


glucose 
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calibrated ocular micrometer were used in these 
experiments. 

To determine whether microgametogenesis was 
oceurring during or after removal of blood from 
a pigeon, blood smears were made at frequent 
intervals for the entire duration of some experi 
ments and examined for extracorpuscular gameto 
cytes and free microgametes. Differential parasite 
counts were also made to see whether the same ratio 
of mature to immature forms of the parasite was 
maintained during the course of the experiment, 
including the glucose determinative period of 180 
minutes or less, Gametogenesis was induced at times 
to correspond with those of sampling for glucose, 
by the removal of small amounts of parasitized 
blood to a glass slide, adding a drop of one percent 
NaCl solution, and observing the preparation under 
the microscope for exflagellation. 

The method of Khabir and Manwell (1955) 
was also used in preparing blood smears, in making 
differential counts of blood cells and parasites, 
and in determining the density of erythrocytes in 
the blood heparin mixture. The modified method 
of Folin and Malmros (Klendshoj and Hubbard, 
1939) was retained, with the substitution of du- 
ponal for the originally specified gum ghatti, so 
that these results would be comparable to others 
previously obtained in this laboratory. 


RESULTS 
The experimental data are summarized in 
table I, and shown in graphic form in figures 
1, 2, and 3. These data indicate that the rate of 
glucose utilization by parasitized cells when ex- 


pressed as a function of parasite surface area is 


about 100 times greater than that of unpara- 


sitized mature erythrocytes, and approximately 
25 times greater than the mean value for reti- 
culocytes, probabilities being less than 0.01 by 
Student’s “t” test: 


Glucose disappearance 
as a function of surface 
area in mg per hr. per 
square micron with 
standard error 
mature unparasitized 
red cells 0.24 x 10°!” 


reticulocytes 


+ 0.02x10 ~22 


(induced by 


phenylhydrazine) 1.14 x 10-12 + 0.12 x 107?? 
gametocytes ot 
Haemoproteus 
28.0 x 10-12 +3.3 


columbae ~ 10712 


A further comparison of the rates of glucose 
disappearance as shown in table I and figures 
2 and 3 indicates that the extrapolated end- 
point of zero reticulocytosis, which would in 
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percentage of 


(x 
x 10-72 


1.14+0.1: 


of cell area 
10- 
0.24 + 9.0 


parasite area 


square micron 
R, 


Mg glucose/hr/ 


per cell 
square micron 


Average area 
square micron 
parasite area 





8/100 


in square 
(mean) 


Parasite 


(mean) 
x 10° number of red blood cells and reticulocytes per ml; 


x 


Summary of glucose determinations, 
E 


red blood cells: 


TABLE I. 
0.060 
adult 


normal blood 
entage of 


0.940 


asitized blood) 
6 


Unpur, 


Number of experiments performed on: 


Number of exper 


(A, 


fact correspond to an experiment performed on 
unparasitized blood containing mature erythro- 
cytes, coincides with the experimental value de- 
termined for the glucose disappearance observed 
with normal mature red cells. The same indi- 
eation is given in the experiments done on 
parasitized blood. This extrapolated value, as 
in the reticulocyte determinations, suggests a 
rate of glucose consumption approximately the 
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Summary of exflagellation study. 


Number of parasites/500 RBCs of each size in experiment number 


Interval 


(minutes) ie y x se 


Cc D 


x y 


0 ) { f 3° 7 Oo: .@& «4 0 1 


no data 0 
0 


15 no data 
30 S446. 2 S 1212.1 

45 no data 3 10 Ss. 2 
60 S -23 26 & 2: = 
90 5 6 20 no data 0 
120 30 & t¢ 3 #8 
150 no data 0 
180 33 , 42.4 0 


no data 
5 8 19 4 
no data 


Key to parasite size: w, 


same as found in the control experiments with 
mature erythrocytes. 

Exflagellation studies are shown in tables 
II and III. It should be emphasized that in 
(table IT) 


cases of gross exflagellation as evidenced by the 


these experiments there were no 
fact that the numbers of intracellular parasites 
remained nearly the same for 60 minutes. Since 
the procedure used to determine the glucose rate 
is to double the half-hour glucose rate, it seems 
to at the 


mark extracellular parasites are even less promi- 


reasonable conclude that 30-minute 


nent than at 60 minutes and therefore have little 
if any effect in altering the figures for glucose 
consumption when they are present in slight or 


TABLE III. Summary table: Glucose rate corre- 


lated with parasite age and exflagellation. 


Percent 
total 
parasite 
area: 


ts 


) 


Number of experiment 
Immature parasites 


| Degree of ex 


Gametocyte age 


| 


(A. According to age) 
5 young 9 slght or 
absent 
slight or 
moderate 
slight or 
moderate 


mature 


11 immature 48 


and mature 
(B. According to exflagellation ) 
16 84 240 
5 33 67 24.8 


17 45 27.5 


3* much 
moderate 
little or 
none 


55 


* Because of intensity of exflagellation, values from 
these experiments were not used for computation of 
mean glucose utilization rates. 


smaller than nucleus of host cell; x, 
than nucleus of host cell; z, cell mature or nearly so. 


ce bo 


0 2 0 
0 0 
0 0 
0 0 
0 0 
0 0 0 
0 0 0 
0 0 


9 
1 
1 


we bo 


data 
data 
data 


ro data no 


no data 


b> 


no 
no 
no data 


no data 


no data ro data 


equal to nucleus of host; y, larger 


moderate numbers. These data also suggest that 
excessive exflagellation is not a common oceur- 
rence under these conditions; this is shown to be 
the case in 22 out of 25 experiments (graph 3). 

Table III that slight to 
exflagellation does not influence glucose con- 


shows moderate 
sumption. A further comparison of glucose con- 
sumption and parasite age indicates that young 
and mature parasites continue glucose at sim- 
ilar rates. However, when excessive exflagella- 
tion occurs the glucose rate is increased greatly 
(Table IIIB). The of 
periments differs from the mean value of the 


mean value these ex- 


remaining experiments by more than ten stand- 
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consumption rate (28.0+3.3), nor are these ex- 
periments considered in determing the slope of 
graph 3 although they are plotted at about 50 
micra parasite area and about 120 micrograms 
glucose consumed. The possible significance of 


these high rates is diseussed below. 


DISCUSSION 


Measurements of the rate of glucose utiliza- 
tion of Haemoproteus are of interest in part 
because of the comparison they make possible 
with species of the closely related genus Plas- 
modium, and also because it is of interest to 
know how the metabolism of asexual and sexual 
forms compares. It is probably safe to assume 
that 
Plasmodium are very similar in their physiology 
fact that in 
suitability of artificial’ media for in vitro eulti- 


Haemoproteus gametocytes and those of 


There is also the evaluating the 
vation of the various species of Plasmodium it is 
important to know the glucose requirements of 
both asexual forms and gametocytes since it is 
that 
might not oceur freely if the latter were con- 


conceivable development of the former 
suming glucose at too rapid a rate, and vice- 
versa. 

The results of this study suggest that the 
glucose consumption rate of Haemoproteus and 
various species of Plasmodium is of much the 


same order, as the following comparison shows : 





MANWELL AND LOEFFLER—GLUCOSE CONSUMPTION BY HAEMOPROTEUS 


Meg glucose 


Parasite per hr per 
; ‘ Authority 
species : square mi- 

eron of area 


30.0 x 10-12 Manwell and Fei 
(1949) 


(computed in 


P. gallinaceum 


gelson 


square microns) 
Warren 


Manwell, 


and 
(1954) 


(computed in 


relictum 


square microns) 
Khabir and Man- 
(1955) 


(computed in 


32.4 x 10 


hexamerium 
well, 
square microns) 

columbae 23.0 x 10°!" present study 

Values for the various species of Plasmodium 
were, of course, obtained from measurements of 
mixtures of sexual and asexual forms in vary- 
ing proportions, although the latter were al- 
ways much the more numerous. Thus one may 
consider that the glycolytic rate of asexual 
stages of the avian malaria parasites does not 
differ greatly from that of Haemoproteus game- 
tocytes, though species differences are doubt- 
less present. If this is the case, and if one may 
assume that gametocytes, whether they be of 
Haemoproteus or of Plasmodium, consume glu- 
cose at about the same rate, some doubt is cast 
on the general belief that metabolic activity of 
the sexual forms is low (Velick, 1942). 

One must, however, give some attention to 
the possible effect of microgametogenesis or ex- 
flagellation in elevating the glucose rate; though 
there is much less obvious macrogametogenesis 
this is also undoubtedly going on. Observation, 
however, showed exflagellation not to be in very 
active progress except in three experiments, and 
these were therefore considered separately. What 
evidence there is indicates that the presence of 
active gametogenesis resulting in few motile 
microgametes does not greatly alter the glucose 
consumption rate. In spite of the fact that in 
three experiments excessive exflagellation is ae- 
companied by greatly evaluated glucose rates, 
one cannot be certain that a positive. correla- 
tion exists between exflagellation and increased 
glucose consumption until further research has 
been undertaken. 

Table III offers further 


evidence on two 
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points: that increased glucose consumption in 
parasitized samples is not due solely to ex- 
flagellation, and that young and mature para- 
sites consume glucose at similar, if not equal 
rates. The latter point vindicates the procedure 
of computing glucose on the basis of mean 
parasite area. That exflagellation is not the main 
cause of glucose consumption (except possibly 
in eases of excessive exflagellation) is indicated 
in comparing glucose values in tables IITA and 
IIIB. 

In interpreting data such as these it is 
probably pertinent to recall that, as Trager 
(1957) has said, an infected cell is an altered 
cell metabolically as well as morphologically, 
and it may be questionable whether the total 
increase in glucose disappearance rates observed 
in infected blood should be ascribed to the para- 
sites themselves, especially wher, as in avian 
blood, the erythrocytes are nucleated. Yet it 
seems unlikely that a cell, such as the erthyro- 
cyte, normally inactive metabolically, could re- 
spond to the presence of a parasite within its 
substance by a great increase in metabolism. It 
has been shown in this work that the observed 
increase in glucose disappearance rate is of 
the order of 10°. It is still possible to question 
whether this represents a like increase in glu- 
cose consumption, but we believe it does. 


SUMMARY 


The rates of glucose consumption have been 


determined for mature erythrocytes and _ re- 


ticulocytes of the common pigeon, Columba 
livia, and also for erythrocytes parasitized by 
Haemoproteus columbae. By computing these 
values in terms of surface area it has been de- 
termined that the parasite-host cell complex con- 
sumes glucose at a rate considerably in excess 
of that of mature or immature non-parasitized 
erythrocytes. This seems to be about 100 times 
the normal rate for mature erythrocytes and 
about 25 times that of reticulocytes. It does not 
appear that moderately active gametogenesis is 
an important factor, but excessive numbers of 
extracellular forms may be. Comparison of the 
glucose disappearance rates of Haemoproteus 
columbae with those of three species of Plas- 
modium suggests that the rates for all four 
are of much the same order. Thus it also seems 
Haemo- 


proteus or Plasmodium, consume glucose with 


likely that gametocytes, whether of 
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RESEARCH NOTE 
THE PREVALENCE OF FILARIASIS IN DOGS FROM ATLANTA, GEORGIA. 


The prevalence and identity of the filarial species in dogs in the Atlanta area are under 
study. The majority of dog blood samples were obtained from animals used in the Pharmacol- 
ogy Department of Emory University Medical School, and a few specimens were obtained from 
the Fulton County Pound. Two ml of peripheral blood were placed in 20 ml of 2 percent 
formalin (Knott's technique), and after centrifugation the sediment was examined for larvae. 
To date, 51 of 116 (44 percent) have been positive for microfilariae. The majority of the 
larvae had “button hook” tails when examined in wet-mount preparations of equal parts of 
sediment and 1:1000 methylene blue. They ranged in length from 215 microns to 290 microns, 
in width from 3 microns to 5 microns; the average size was 278 microns by 3.8 microns. The 
characteristics and size of the microfilariae identify them as Dipetalonema sp., a skin-dwelling 
filariid recently described in the United States by Newton and Wright (1956, J. Parasit. 42: 
246). Although 5 dogs were examined at necropsy for Dipetalonema adults, no worms were 
recovered, There is a possibility that more than one species was present. 

The total number of larvae present in a particular specimen varied considerably, with the 
highest count 334 microfilariae per ml (in one dog), and many specimens showing only 2 or 4 
larvae in 2 ml of blood. Blood specimens, however, were taken at random, and the possibility of 
periodicity cannot be ruled out. 

In the process of evaluating various extracts of adult Dirofilaria immitis as antigens for use 
in bentonite flocculation and hemagglutination tests, titers were consistently noted in sera of 
24 dogs with and without microfilariae. Two antigen extracts in particular were used in 
serological tests: (1) Melcher’s acid soluble fraction (1943, J. Inf. Dis. 73: 31-39), and (2 
Bozicevich’s saline extract (1944, Pub. Hith. Rep. 53: 2130-2138). Sera were examined from 8 
dogs with and 16 without microfilariae. In the flocculation tests, all sera were positive with 
both antigens; in the hemagglutination test, 18 of 20 sera were positive with antigen 1 and 19 
of 22 with antigen 2. From the studies so far it would seem that, with the antigens being used 
at present, both positive and negative sera will react in the bentonite flocculation test and 
nearly all sera will react in the hemagglutination test. 

These preliminary studies suggest that the prevalent species of filaria in dogs in the 
Atlanta area is Dipetalonema sp. and not D. immitis. In view of the prevalence of Dipetalonema 
in the area and the fact that sera from 24 dogs with and without microfilariae were positive 
when tested with a D. immitis antigen, it appears that D. immitis antigen cross-reacts with 
Dipetalonema sp. In 30 dogs examined at autopsy, D. immitis was not found, although 10 ani 
mals showed microfilariae in wet-mount preparations. The high incidence of light infections in 
our sample indicates that for purposes of determining prevalence, concentration techniques 
should be utilized. Further studies on the prevalence, identity, and serologic specificity of 
filarial infections in dogs are in progress.—GrorGE R. HEALY AND IrvING G. Kagan, United 
States Public Health Service, Communicable Disease Center, Atlanta, Ga. 





SOME ASPECTS OF THE CYTOCHEMICAL ANATOMY OF 
TOXOPLASMA GONDII 
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Toxoplasma gondii was described originally 
by Nicolle and Manceaux (1908). They charae- 
terized the parasite as being simple and contain- 
ing a nucleus with a mass of chromatin gran- 
ules in a loose network. Cross (1947) described 
the nucleus of 7. gondii as being variable in 

(DNA) 
electron 
ul (1954) 
appeared to substantiate Cross’ finding that the 
4 
layer of material applied to its inner surface. 


acid 
The 


microscope studies of Gustafson et 


shape, with desoxyribosenucleic 


localized within its periphery. 


‘ 
é 


nucleus is of different shapes with dense 
In addition, they found within the nucleus ma- 
terial of a similar density which varied in size 
and position. Goldman et al (1958), employing 
a silver-protein staining method, also noted that 
the nucleus of 7. gondii was not always of the 
same shape and that the nucleus contained an 
endosome, 

Several different methods of reproduction 
T. 
(Giroud and Galliard, 1951), longitudinal fis- 
sion (Cross, 1947; Holz, 1954), and endody- 
ogeny, a type of internal budding in which each 


have been ascribed to gondii: schizogony 


parent produces two daughter cells with the 
parent being destroyed in the process (Gold- 
man et al, 1958). It is the purpose of this re- 


port to describe in detail some of the eytochem- 


ical anatomy of 7. gondii which may account 
for some of the variations that have been re- 
corded in the appearance of the parasite as well 
as the differences in the shape of the nucleus 
with its inclusions. Since it is generally accepted 
that reproduction necessarily involves the trans- 
fer of DNA material from one generation to 
another, it would be of interest to trace this 
material in the parasite by means of the Feul- 
gen reaction and silver-protein stain. 


MATERIALS AND METHODS 
To ensure that the results would be character- 
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istic of Toxoplasma, two different strains and fixa- 
tives were used. The strains of parasite included 
RH of human origin and MZ isolated from a crow 
(Finlay and Manwell, 1956); the fixatives were 
acid-aleohol (Carnoy’s) and 10 pereent formalin. 

The RH and MZ strains, for cytological com- 
parisons, were obtained from mouse exudate and 
wet-fixed. The exudate from infected mice was 
collected at 35 hours (the earliest time at which the 
peritoneal fluid could be aspirated) and every 24 
hours thereafter until the death of the mice, which 
was usually 96 to 120 hours later. Wet-fixation was 
carried out by placing a drop of the exudate, con- 
taining the parasites, on a glass slide. The slides 
were placed in a moist chamber and maintained at 
about 40 C. The peritoneal exudate was left undis- 
turbed for 15 minutes to allow the parasites and 
the blood cells to settle on the surface of the slide. 
The drop of exudate was then removed and replaced 
with physiological saline. By repeating this washing 
procedure two or three times, the parasites which 
adhered to the slide were not only washed, but 
much of the background material was removed. 

The toxoplasmas were then stained for DNA 
by the Feulgen reaction (Pearse, 1953). Parasites 
were also stained for ribosenucleic acid (RNA) em- 
ploying ribonuclease (RNase) hydrolysis (Klein- 
field, 1957) and toluidine blue at pH 4.3 (Montagna, 
Chase and Melaragno, 1951). Because biochemical 
analysis has shown that RNA can be separated into 
two fractions, one of which is water-soluble (Vin- 
eent, 1957), two controls were carried out for 
RNase hydrolysis, viz, one at 40 C at which tempera- 
ture RNase hydrolysis was performed and the other 
at 0 C in order that there a minimal 
water-soluble material. Toxoplasmas were 
stained for glycogen with the periodic acid-Schiff 
(PAS) reaction employing diastase hydrolysis 
(Pearse, 1953, Lillie, 1947); for proteins with 
bromphenol blue (Mazia, et al, 1953); and for 
basic protein (Alfert and Greschwind, 1953). 

In addition, 7. gondii was stained by the silver 
protein method of Honigberg and Davenport (1954) 
with one modification: Carnoy’s solution was sub- 
stituted for Bouin’s fixative so that digestion by 
RNase and desoxyribosenuclease (DNase) (Leuch- 
tenberger, 1958) could be included in the staining 
procedure. The inclusion of these enzymes into the 
staining procedure was undertaken to ascertain 
whether any of the nuclear structures contained 
RNA and whether any of the reproductive stages of 
endodyogeny as described by Goldman et al (1958) 
contained DNA. 
staining reagent. 


be loss of 


also 


“Protargol S” was used as the 
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RESULTS 

The specificity of the Feulgen reaction for 
DNA makes it a reliable method for studying 
the behavior of the nucleus of Toxoplasma. In 
extracellular parasites collected 3 days after in- 
fection the nucleus always appeared in the 
broader end of the organism (fig. 8). The vesi- 
cular nature of the nucleus, as well as the shape 
of the parasite, was not always uniform. Small 
crescentic parasites with vesicular nuclei as 
well as ovoid forms with reticulate nuclei, often 
compressed to one side of the parasite, were 
seen on the same slide (fig. 9). 

The apparent variations seen in the localiza- 
tion of DNA as well as the shape of the nuelei 
and parasites appeared to follow a pattern. At 
35 hours, the parasites were crescentic in shape, 
containing circular and vesicular nuclei; at 48 
and 72 hours, they were crescentie or ovoid in 
shape and had vesicular nuclei; and at 96 and 
120 hours after the inoculation, they were either 
reticulate, 


ovoid or creseentie with vesicular or 


elongate nuclei often, but not always, com- 
pressed to one side of the parasite. 

The intracellular forms of the parasites ap- 
peared either cireular or crescentic in shape and 
the nucleus was always vesicular. 

Observations on the morphology of the nu 
cleus of stained parasites, collected at different 
times after inoculation, indicate that 7. gondii 
reproduces by binary fission. When the peri 
toneal fluid was aspirated at the earliest pos 
sible time following the inoculation, the toxo- 
plasmas were generally crescentic and contained 
vesicular nuclei (fig. 1). Subsequent harvesting 
of parasites from the same experimentally in- 
fected mouse revealed that 7. gondii eventually 
grew in width and became obovate. The nucleus, 
meanwhile, lost its central clear area and the 
chromatin material was distributed throughout 
the entire nucleus giving it a reticulate appear 
ance (fig. 2). While the shape of the parasite 
remained obovate, the chromatin material had 
undergone further changes. The reticulate nu- 
cleus occupied a smaller area and appeared to 
be separating into two masses. A distinct circle 


of DNA 
chromatin material (fig. 3). The shape of the 


surrounded the central network of 
parasites then became slightly more distended 
in width, but still obovate, and chromatin ma- 
terial was seen connecting two vesicular nuclei 
which were located at each side of the widest 


part of the parasite (fig. 4). Eventually, two 


vesicular nuclei appeared within the same para- 


site. This completed karyokinesis. Cytokinesis 


began at the blunter end of the parasite and 
continued down its long axis until two single 
nucleated parasites were formed. The newly 
formed organisms tended to be erescentie in 
shape as seen immediately following division 
of the cytoplasm (fig. 5). 

No structures characteristic of the repro- 
ductive process of endodyogeny were seen when 
staining 7. gondii with Schiff’s reagent. How- 
ever, when the toxoplasmas were stained by the 
silver-protein method, some structures similar 
(1958) 
were evident. The interphase nucleus as _ re- 


to those described by Goldman et al 
vealed by “Protargol S” was a round or oval 
mass and the nucleoplasm contained a darkly 
staining prominent endosome. 

The margins of the anterior portion of the 
cell stained as intensely as the endosome. The 
apex as formed by the deeply stained margins 
of the cell was seen as a ring when viewed 
“head on.” 

An early divisional stage was seen in which 
two dome-shape structures were located within 
the cytoplasm of the parent cell. These struc- 
tures were smaller but similar in shape to the 
apex of the parent cell. Only twice was this 
divisional stage observed. 

No difference in staining reaction was ob- 
vious when Carnoy’s solution was substituted 
for Bouin’s. The inclusion of RNase and DNase 
digestion into the staining procedure revealed 
no differences in the morphology of the para- 
sites. These observations indicate that none of 
the structures seen in the “resting” cell or the 
early divisional stages contained either DNA 
or RNA. 

When toxoplasmas were stained with tolui- 
dine blue according to the procedure of Mon- 
tagna et al (1951), the cytoplasm was an in 
tense blue; the nucleus was a lighter blue within 
which was a darkly staining granule. When the 
parasites were collected and fixed from the ex- 
udate of the same mouse at different intervals 
after the injection of parasites, the deeply stain- 
ing granule within the nucleus was not always 
apparent, particularly in parasites collected 35 
to 40 hours after inoculation. However, when 
the parasites were aspirated 48 hours or more 
after infection, the granule was almost always 
seen and its position within the nucleus was 
variable. After the parasites were treated with 
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RNase and stained with toluidine blue, the cyto- 
plasm was colorless; and the periphery of the 
nucleus generally, but not always, stained blue. 
The interior of the nucleus was colorless (fig. 
7). These observations are summarized in table 
I. In view of the lack of staining of the cyto- 
plasin and the granule within the nucleus after 


Staining reaction of T. gondii with 
blue at pu 4.3 after RNase hydrolysis. 


TABLE [. 
totuidine 


MZ and RH Statmé : 

. 3 Sti ing acti 
Strain taining Reaction 

Does not stain 

Vesicular in appearance, 
occasionally partially stained 

Does not stain 


Cytoplasm 
Nucleus 


Nucleolus 


RNase hydrolysis, it is likely that the cytoplasm 
contains RNA, which may be a part of the ergas- 
toplasm of the parasite, and that the darkly 
staining granule within the nucleus is the nu- 
cleolus. Such an interpretation is in accord with 
the electron studies of Meyer and Mendonca 
(1957) in which they reported the presence of 
an endoplasmic reticulum; and of Gustafson 
et al (1954) in which the authors found, within 
the nucleus, material as dense as the peripheral 
nuclear substance. 

The two controls, at 40 C and at 0 C, used 
during the RNase experiments stained differ 
ently. The slides maintained at 40 C for 1 hour 
stained lightly and irregularly. The cytoplasm 
stained with varying intensities of blue and ap- 
peared particulate. Occasional parasites had 
evenly stained cytoplasm. The nucleolus was 
not always evident. However, the slides main- 
tained at 0 C 
intensely. The nucleolus was generally, but not 


for 1 hour stained evenly and 


always, visible (fig. 6). 


Repeated trials confirmed the marked dif- 
The 


staining of the parasites in the two RNase con- 


ferences in staining reaction. dissimilar 


trols, as well as the variable staining of the 
organisms in the 40 C control, suggest the pos- 
sibility that RNA or its hydrolytic products 


TABLE II, 


may have gone into solution. This was con- 
firmed by comparing both control solutions for 
their ultraviolet (UV) absorbing qualities. The 
standard used for the spectrophotometer read- 
ings was distilled water adjusted to pH 6.2 with 
NaOH. Readings were taken at wavelengths of 
260 and 280 millimicrons. The solution used at 
0 C showed no UV absorption, while that at 
40 C had readings at wavelengths of 260 and 
280 millimicrons, thus suggesting the presence 
of pyrimidine complexes in solution. These ob- 
servations are summarized in table IT. 

Additional with the PAS 
and diastase digestion demonstrated glycogen 
in both the RH and MZ strains. The distribu- 


tion of glycogen in each strain showed similar 


studies reaction 


variations. In general, the glycogen granules 
were sparsely distributed throughout the eyto- 
plasm, though parasites which had heavy depo- 
sitions of glycogen were not infrequently seen, 
and still others had none (fig. 10). Frenkel and 
(1951) that 
glycogen was present within the RH strain. 

DNA about the 


periphery of the nucleus, it was assumed that 


Friedlander previously reported 


Since was cireumseribed 
the Feulgen negative material of the nucleus 
contained basie protein. Although bromphenol 
blue showed a reaction for protein, the fast 
green (FCF) stain at pH 8 was negative for 


basie proteins, 


DISCUSSION 


The different staining 


methods used in an attempt to elucidate the 


results of the two 
method of reproduction of 7. gondii would in- 
dicate that both binary fission and endodyogeny 
occurred. However, the inability to demonstrate 
cytochemically DNA in the parasites stained 
with sliver-protein suggests that the morpho- 
logie structures seen in endodyogeny are not 
with the 
Furthermore, not all 


primarily involved distribution of 


genetic material. stages 
characteristic of endodyogeny were seen. 


The Feulgen reaction for DNA has revealed 


Comparative staining reactions, at different temperatures, of T. gondii with toluidine blue 


at pu 4.3 and UV absorption of control solutions in RNase experiments. 


Control Solutions for 


RNase experiments Cytoplasm 


oc Intensely and 
evenly stained 
Particulate and 
unevenly stained 


Intensely stained 


Lightly stained 


UV Absorption 
at 260 and 
280 mu 


Nucleus Nucleolus 


Intensely stained Negative 


Lightly stained 


when seen Positive 
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the passage of chromosomal material from the 
parent cell to its progeny. Such findings are in 
agreement with the accepted fact of the trans- 
fer of DNA from generation to generation and 
is characteristic of binary fission. 

The use of Schiff’s reagent for staining DNA 
in these experiments showed some differences 
from the report of Cross (1947). Cross reported 
that not all toxoplasmas had stained nuclei and 
that the terminal colonies were a resistant stage 
because of the longer time required in 1N 
HCl to obtain Feulgen-positive nuclei, as com- 
pared with extracellular forms. In the present 
observations, all parasites had Feulgen-positive 
nuclei, whether the toxoplasmas were intracellu- 
lar or extracellular. These differences may be 
explicable in terms of the fixatives used. Cross 
employed Flemming’s solution which requires 
a longer time in 1N HCl for optimum hydrolysis 
than Carnoy’s or 10 percent formalin (Di Ste- 
1948). Therefore, the 
minal colonies as reported by Cross seems open 
to doubt. 

The presence of a nucleolus in Toxoplasma 
had been previously suggested 1947; 
Gustafson et al, 1954; Muhlpfordt, 1952; Meyer 


and Mendonea, 1957). This investigation has 


fano, resistance of ter- 


(Cross, 


demonstrated eytochemically that the inclusion 
within the nucleus contains RNA and protein 
and is, therefore, a true nucleolus. Although, 
the biological significance of the nucleolus in 
Toxoplasma remains an enigma, it may be in- 
timately involved in protein synthesis, as has 
(1950) 
Brachet (1955) for other cells. Observations in 


been postulated by Caspersson and 
this study show that the nucleolus is difficult to 
see at 35 hours following the inoculation. There- 
after, it is readily demonstrable when stained 
with toluidine blue at pH 4.3. A possible ex- 
planation for this apparent early lack of a 
nucleolus may be that the organism is producing 
protein for growth with such rapidity that the 
nucleolar material is unable to accumulate in 
demonstrable amounts. Once the growth rate of 
the parasite lessens, the nucleolar material ac- 
cumulates and becomes visible. 

In the RNase experiments, the absorption 
of UV light at wavelengths of 280 millimicrons 
by the 40 C control solution is also suggestive 
of proteins. However, it seems unlikely that the 


absorption of UV light was due to proteins dis- 


solved from the parasites. Whatever proteins 


may have been soluble would have remained in 


the fixative. Once the protein is fixed, it is de- 
natured and insoluble. Subsequent treatment of 
the parasites with increasing concentrations of 
water would have enhanced the extraction of 
soluble proteins prior to immersion into the 
RNase solution. 

Although the 40 C control solution absorbed 
UV light at the wavelengths suggestive of nu- 
cleotides, no attempt was made to separate them 
and definitely establish their presence. However, 
other researchers employing similar experimen- 
tal procedures with Rickettsia mooseri were able 
to separate nucleotides from the RNase control 
solutions (Cohn et al, 1958). 

After the parasites were subjected to RNase 
digestion and stained with toluidine blue, the 
blue stained material remaining in the periph- 
ery of the nucleus was similar in position to 
DNA as revealed by the Feulgen reaction (fig. 
7). No DNase was used to definitely establish 
the residual material as DNA, but it is soluble 
in hot 10 pereent Both 
RNA and DNA hot trichloro- 
acetic acid; but since RNA was hydrolyzed with 


trichloroacetic acid. 


are soluble in 
RNAase previously to staining, it is assumed 
that the remaining nucleie acid in the nucleus 
of the parasite was DNA. In some of the para- 
sites, incomplete staining rings were occasion- 
ally seen in the periphey of the nucleus after 
RNase treatment. These variable staining results 
may be explicable in terms of the work of Me- 
Donald (1954). These 
demonstrated that as a result of RNase activity 
DNase 
is liberated which hydrolyzes intracellular DNA 


and Kaufman authors 


upon tissue sections, an intracellular 
only after RNA has been removed. 
Basic protein could not be demonstrated 
cytochemieally with fast green at pH 8 in the 
nuclei of toxoplasmas. One possibility that may 
account for the apparent lack of basie protein 
is the insufficient sensitivity of the cytocheemi- 
cal technique. However, some of the other ascitic 
cells were positive. Another explanation may be 
that the nuclei of Toxoplasma contain no basic 


protein, 


SUMMARY 


The comparative cytochemistry of human 
(RH) and avian (MZ) strains of Tovroplasma 
gondii has been studied. Evidence obtained by 
staining for DNA with Schiff’s reagent indicated 
that both strains reproduced by longitudinal 
binary fission. Some reproductive stages charac- 
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teristic of endodyogeny have been seen in T. 
gondii when stained with silver-protein. How- 
ever, no DNA or RNA could be demonstrated 
cytochemically in the interphase nucleus or the 
early divisional stages. 

Whether the toxoplasmas were intracellular 
or extracellular, and whether fixed in Carnoy’s 


or 10 pereent formalin, an optimum Feuilgen 


reaction was obtained after 8 to 10 minutes of 
hydrolysis in 1N HCl at 60 C. 

It has demonstrated cytochemically 
that the (RH) (MZ) 
strains of Toxoplasma contain a nucleolus and 
cytoplasmic RNA. There was evidence that RNA 
was lost from toxoplasmas held at 40 C as the 


been 


mammalian and avian 


experimental control. 

Both strains of the parasite have glycogen 
which is sparsely distributed throughout the 
cytoplasm. Some of the toxoplasmas have a 
heavy deposition of glycogen; others have none. 

No 


eytochemically in the nucleus of the parasite 


basie protein could be demonstrated 


when stained with fast green at pH 8.0. 
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PLATE I 


EXPLANATION OF PLATE I 


The drawings were enlarged to varying degrees and magnified about 8,850 x, except figure 7 
which was enlarged about 1,770 x. Final magnification of all figures was reduced approximately 
50 percent in printing. 

FiGuRE 1. Nuclear material stained by means of the Feulgen reaction. In contrast to the 
other figures which were stained by the Feulgen reaction, DNA is represented by light, rather 
than dark, shading. This was done (for photographie purposes) to emphasize the similarity of 
staining of the center of the nucleus to that of the cytoplasm. DNA (arrow) located only in 
the periphery of the nucleus. 

FicuRE 2. DNA, as revealed by the Feulgen reaction, distributed throughout the nucleus 

arrow) giving it a reticulate appearance. 


Figure 3. Feulgen positive material (arrow) condensed into two masses surrounded by 
a distinet circle of DNA. 


Figure 4. Strands of Feulgen positive material (arrow) connecting two vesicular nuclei. 

FicuRE 5. The cytoplasm has cleaved and the Feulgen positive material is in the form 
of a ring within the periphery of the nuclei. 

Figure 6. Toxoplasmas held at O C for 1 hour as a control for RNase hydrolysis and 
then stained with toluidine blue. The cytoplasm stained evenly and intensely. The nucleolus 
(arrow) is conspicuous, 

FIGURE 7. Toxoplasmas stained with toluidine blue after RNase hydrolysis. Arrow indi 
cates the residual staining material (DNA) in the form of a cirele. The nucleolus is not evident. 

FIGURES 8 and 9. Examples of the varied appearance, exclusive of dividing forms, of the 
nucleus as revealed by the Feulgen reaction. Arrows indicate localization of DNA. In figure 8, 
DNA is represented by light, rather than dark, shading; see explanation of figure 1. 

Figure 10. Toxoplasmas stained by the PAS reaction. Arrow indicates the presence of 


givcogen. 
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IN GUINEA PIGS INOCULATED WITH ENTAMOEBA HISTOLYTICA 
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These studies were undertaken in connection 
with investigations of host reactions to enterie 
pathogens. The immediate objective of the work 
reported here was to compare blood proteins 
by electrophoretic techniques in symptomatie 
and asymptomatic animals infected with Hnta- 
moeba histolytica. The potentiality of electro- 
phoretic techniques for detection of indicative 
reactions of hosts to parasites has been reviewed 
by Stauber (1954). Josephine (1958), however, 
reported only nonspecific changes in electro- 
phoretic studies on serum proteins of kittens 
infected with E. histolytica. Since kittens are 
extremely susceptible to experimental amebiasis 
(Hoare, 1958), the need for further investiga- 
tion was indicated. A different host, the guinea 
pig, was therefore employed in the present 
study. The guinea pig is widely regarded as a 
satisfactory laboratory animal for observations 
of amebic infections, and it has been so used in 
studies concerned with pathogenicity (Rees et 
al, 1954, and others). 

MATERIALS AND METHODS 

The organisms used for one series of inocula- 
tions belonged to an avirulent strain of the large 
race of FE. histolytica. This strain was isolated 
from an asymptomatic individual who was ex- 
amined during the course of a community survey. 
The virulent NIH-200 strain,** recently passaged 
through a dog, was also utilized. Both strains were 
maintained in the medium of Cleveland and Collier 
and the NIH-200 strain was also maintained in the 
medium of Boeck and Drbohlav. Guinea pigs were 
inoculated intraceeally with amebae from 48- to 
72-hour cultures. As a secondary consideration, 
counts of the virulent amebae were made with a 
hemocytometer to observe the relation of minimal 
numbers of organisms to subsequent pathological 
changes in the hosts. 

The experimental animals were maintained 
on diet L-445 (Phillips et al, 1959) which favors 


Received for publication August 4, 1960. 
*U. 8S. Department of Health, Education, and 


Welfare, Public Health Service. 


** Provided by Dr. Paul E. Thompson, Parke, 
Davis & Company, Detroit, Michigan. 


virulence of 
which 


establishment and maintenance of 
E. histolytica in guinea pigs. Animals 
weighed between 250 and 600 grams‘were used 
for inoculation. The avirulent strain was inocu- 
lated into 34 animals and 39 received the virulent 
strain. 

Blood samples taken by 
ture before inoculation and when the 
were sacrificed approximately one to two weeks 
later. Terminal observations were made routinely 
for gross pathology and for the 
E. histolytica in the caecum and intestine. Animals 
which died before the second blood sample was 
obtained were exeluded from the study. Dup- 
lieate examinations of blood sera were made by a 
paper electrophoresis system** and the buffer 
used was veronal at ph 8.6, ionic strength 0.075. 
The paper strips were dried, stained with brom- 
phenol blue, then scanned and charted with a 
photoelectric recorder (Analytrol***). Total 
serum proteins for a representative number of the 
guinea pigs were determined by the micro- 
Kjeldahl method. 


cardiac 
animals 


were pune- 


presence of 


RESULTS 

Ranges, average values, and differences for 
serum proteins before and after the animals 
were inoculated with avirulent and virulent or- 
ganisms are given in tables I and II, respec- 
tively. No statistically significant alterations 
were found in mean values for the various pro- 
tein fractions in 31 animals that were infected 
of the 34 inoculated with avirulent EF. histo- 
lytica. Statistically significant changes were ob- 
served in the serum proteins of 36 guinea pigs 
which were successfully inoculated with virulent 
amebae. while alpha-l, 
alpha-2, The 
average increase noted in gamma globulin was 


Albumin decreased 


and beta globulins increased. 


not significant. 

Animals harboring the avirulent amebae ap- 
peared normal. No macroscopic intestinal dam- 
age was observed. In contrast, lesions of varied 
extent were found in the hosts infected with 


** Beckman/Spinco Division, Palo Alto, Cali- 
fornia, (ProcedureB). 


*** Beckman/Spinco Division, Palo Alto, Cali- 


fornia, (Procedure B). 
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TABLE 1. 


after inoculation with avirulent E. histolytica. 


No. 
of 

ani 

mals 


Results of 


inoculation Albumin 


Paired sera 


Ranges and average relative percentages of serum proteins from 


Alpha-1 
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guinea pigs before and 





Globulins 


Alpha-2 Beta Gamma 





Before 
inoculation 
After 
inoculation 


31 Positive 


43.5-65.9 (55.2) 


40.9-63.4(52.2) 3.5 
Differences 3.0 
Negative Before 
inoculation 
After 
inoculation 55.0—-62.3 (59.0) 
Differences aa 
Standard Deviation : 


61.7-64.0(62.7) 3.4 


4.2 


the virulent strain. As few as 1,200 organisms 
produced marked pathological and clinical ef- 
fects. Acute ulcerative amebiasis was nearly 
always observed, accompanied by diarrhea, in- 
difference to food, listlessness, and emaciation. 

Relative changes in serum proteins of the 
guinea pigs following inoculation are presented 
in table III according to numbers of animals 
in each category. Groupings as to significance 
of changes were based on twice the standard 
deviations of means. Among the hosts which re- 
ceived virulent EF. histolytica, significant altera- 
tions in relative values of the various protein 
fractions were found in more than a majority 
of the animals. The altered values generally 
tended to be either increases or decreases de- 
pending on the fraction concerned. On the other 
hand, sera from comparatively large numbers 
of the infected with avirulent 


guinea pigs 


amebae did not show signficant changes. For 


example, 22 of the animals infected with viru- 
an increased value for beta 
(14) 


changed. This contrasted with observations on 


lent organisms had 
globulin while the remainder were not 
the group infected with avirulent amebae where 
23 of the total 31 guinea pigs had no significant 
changes in beta globulin. 


TABLE II. relative 


after inoculation with virulent E. histolytica. 


Ranges and average 


No. 
of 
ani- 
mals 


Results of 


. ‘ Albumi 
inoculation Albumin 


Paired sera 


Before 
inoculation 
After 
inoculation 
Differences 
Negative 


36 Positive 


65.9(56.7) 2.7 
61.8(45.9) 
10.8 
Before 
inoculation 
After 
inoculation 5 
Differences 
Standard Deviation 


60.4(52.6) 3.8 

55.7(50.7) 3. 
1.9 

2.8 


3.0—4.9 (4.0) 


5-7.0(4.6) 
+ 0.6 


3.8(3.5) 


4.4(4.3) 


percentage 


Alpha-1 


3.6-10.6 (5.8) 


O41 


16.1 12.8( 9.6) 3.8—17.1(9.3) 
13.3(10.0) 
0.4 
9.5(19.4) 


9.8( 8.8) 


4(21.4) 9.4) 
O.8 + 2.0 
0.8 y ir 


9.8 ( 
+ 0.6 
1.5 


What appears to be a qualitative transfor- 
the 
number of the guinea pigs following inoculation. 


mation occurred in alpha-2 globulin in a 
In the animals that received the avirulent strain 
of amebae, 2 of the 31 positive hosts developed 


two peaks instead of one in the alpha-2 


frac- 
tion. The double peaks were noted in 1 negative 
and 5 positive guinea pigs before as well as 
after inoculation. 

Splitting of the alpha-2 globulin was like- 
wise observed in 18 of the positive animals fol- 
lowing inoculation with the virulent organisms 
(fig. 1). Seven additional positive guinea pigs 
in this group showed the double peaks before 
as well as after inoculation. None of the three 
negative animals in the series exhibited such 
an anomaly. 

Correlations between the degree of reaction 
to infection with the virulent NIH-200 strain of 
E, histolytica and changes in serum protein val- 
ues are shown in table IV. With the exception 
of average gamma globulin values for the group 
of 
greater severity. No separation of the alpha-2 


severe cases, alterations were larger with 


component was observed in the 3 negative or 8 


light eases. However, the splitting was noted in 


2 of the 7 moderately severe cases and in 16 of 


8 of serum proteims from guinea be fore and 


pias 


Globulins 


Alpha-2 Gamma 


5.6(4.0) .8-26.5 (20.2) .5-12.9( 9.9) 3.7-19.7( 9.2) 


8.4-16.5(11.9) 4.4-20.3( 
‘ 


+ 2.0 0. 


7.9-34.1 (26.5) 9.9) 
. « 


1.8 + 6.3 


19.1(18.9) 9.5-10.5( 9.9) 6.3-—23.2(14.5) 


4.4(4.1) 7 


3.0(21.3) 9.2 


4.5 (4.2) 23.4 
+ 2.4 
2.1 


a 9.8( 9.5) 7.9-24.5(14.3) 
9 


0.4 “0 


1.0 1.5 1.3 
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FIGURE 1. 


21 


The summary of determinations for values 


the severe instances. 

of total serum proteins given in table V indi- 
cates that mean differences following inocula- 
tions with either strain of EF. histolytica were 
not clearly significant. Although this is evident, 
the number of guinea pigs with a decrease (14) 
was more than 3 times the number with an in- 
crease (4) in the group. which received the viru- 
lent FB. histolytica. 


DISCUSSION 
Nonspecific changes in electrophoretic pat- 


terns of serum proteins have been found to 


TABLE IIT. 


Alb. 








—~ 


Electrophoretic pattern of sera from a guinea pig showing (left) split in alpha-2- 
globulin following infection with EF. histolytica. 


Pattern before infection on the right. 


take place with a variety of infectious dis- 


(Wall, 1958). 


tern,” as it is called, is often observed in infee- 


eases in man This “stress pat- 
tions accompanied by fever and destruction of 
tissue. The alterations include decreased albu- 
min, normal or inereased alpha-1 globulin, in- 
ereased alpha-2 globulin, decreased and _ split 
beta globulin, and increased gamma globulin, A’ 


phenomenon at times associated with active 


human infections is the rise of alpha-2 globulin 
to a peak with an accompanying or subsequent 
decrease in gamma globulin. The gamma globu 
lin may continue low for an interval after e¢lini- 


cal recovery. 


Numbers of guinea pigs with significant changes in relative percentages of serum proteins 


tabulated according to 2X standard deviation of mean. Trends shown by group infected with virulent 
E. histolytica are not present in other group infected with avirulent amebae. Many animals which re- 
ceived the avirulent strain showed no significant change. 


Globulins 
Alpha-2 
Up 


© Strain Infection Albumin Alpha-1 


Up 


Beta Gamma 


Up Down Down Down 1p Down Up Down 
Avirulent Positive 
Negative 


(31) 4 1 11 0 2 t 3 8 
(3) 0 2 0 0 0 2 


(36) 0 26 1 ‘ 1 16 


Virulent d 
(3) 1 0 0 y 1) » 


Positive 
Negative 2 


TABLE IV. Ranges and averages of changes in percentages of serum proteins of guinea pigs inoculated 
with virulent E. histolytica according to relative severity of infections. 

No. Ranges and averages of protein 
of 
guinea 
pigs 


changes 


Infection Albumin Globulins 


Alpha-1 Beta Gamma 


Alpha-2 


0.0 to 0.1(0.1) 
- 1,2 to 3.7(0.7) 
0.7 to 2.5(1.6) 
-0.1 to 6.8(2.3) 


Negative 0.1 to 
Light 4.0 to 
Moderate 4.5 to 


Severe -5.7 to 


O.5to 4.1(2.4) 
5.3 to 5.5(1.8) 
2.5to 9.3(5.2) 


0.4 to 15.4(8.5) 


0.9 to 0.3 ( 
1.2 to 1.1( 
0.1 to 4.6( 
0.1 to 6.5 ( 


0.2) 
0.6) 
1.6) 
0.4) 


3.4 to 1.6( 
3.5 to 4.2 ( 
0.5 to 3.64 


24 3.6 to 3.1( 
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TABLE V. Summary including ranges and averages of observations on total serum protein deter- 


minations of guinea pigs inoculated with avirulent and virulent strains of E. histolytica. 


No. Total serum protein percent No. of guinea pigs with change 
of Bnocuien Results of 
guinea xoculum inoculation 


pigs 


After 
inoculation 


Before 


, : ecrease 
inoculation Decrease 


Difference Increase 

4.64—-6.17 (5.29) 

4.82—4.99(4.91) 

4.40—7.15 (5.08) 
5.75 


0.13 7 
0.04 1 
0.17 4 14 
0.16 


4.74-6.08 (5.42) 
4.61—5.12 (4.87) 
4.54-5.68 (5.25) 
5.60 
0.16 


Positive 
Negative 


14 Avirulent 
2 Avirulent 
23 Virulent Positive 
1 Virulent Negative 
standard deviation of difference 


Experimentally induced amebie infections such variations have been found in assoviation 


in guinea pigs were associated with electro with certain other parasitic diseases. Separation 
phoretie patterns of serum proteins which dif f alpha-2 globulin into 2 peaks as noted in the 


fer from the above in some respects. With in present study of amebiasis was reported by 
NIH-200 strain of F. 


histolytica, in a significant percentage of ani- 


fections of the virulent Ganzin et al, (1952) in guinea pigs infected 
with trypanosomiasis. The full significance of 
this splitting as a response of the host is not 
Additional 


investigate further the possibilities of specifie 


mals, there were increased beta globulin and 


split alpha-2 globulins. Josephine (1958) re- apparent. studies are necessary to 
ported from studies of amebic infections in kit 
reactions. 

The total 


serum proteins to decrease rather than increase 


tens decreased albumin, increased alpha-2 globu- 


lin, and no elevation of gamma globulin. more pronounced tendeney of 


Infections with the avirulent KF. histolytica 
probably reflected the tissue destruction accom- 
Also, 


undoubtedly 


were accompanied by splitting of alpha-2 glob 


ulin in only 2 (7 percent) of the 31 positive panying the virulent amebie infections. 


guinea pigs. On the other hand, splitting was extensive intestinal involvement 


TABLE VI. Comparative trends in blood serum proteins. 


General human 
response to 


vir bry infection 


proteins 
Albumin decreased 
Glo>ulins 
Alpha-1 
Alpha-2 


increased 
increased 


Guinea pig 
response to 
virulent F 

histolytica 


decreased 


increased 
increased 


Guinea pig 
response to 
avirulent E. 
histolytica 


decreased 


increased 
increased 


Human 
response .to 
amebiasis 


decreased 


increased 


Kitten 
response to 
amebiasis 


decreased 


increased 


and split 
increased 
increased 


decreased 
and split 
increased 


Reta 


Gamma increased 


interfered with assimilation of what food was 


taken. 


observed in 16 (76 percent) of the 21 animals 
severely affeeted by the virulent NIH-200 strain 
of EF. 


was appreciable in all 16 instances may have 


histolytica, The tissue destruction that 
been related to formations of the double peaks SUMMARY 
Relevant observations reported by others in Electrophoretic patterns of blood serum pro- 
clude elevated alpha-2 globulins and gamma __ teins from guinea pigs were compared before 
globulins noted by Anderson et al, (1958) for and after experimental infection with virulent 
Bantus with acute intestinal amebiasis. Stauber or avirulent strains of FE. histolytica. Quantita- 
(1954) also referred to these changes with vari- tive changes were decreased albumin and _in- 
ous acute infections, particularly malaria. A creased globulins as described. Injurious effects 
summary of serum protein alterations in dif- were observed in the presence of infeetions with 
ferent hosts is given in table VI. the virulent strain only, and the severe cases of 
No reports of qualitative transformations amebiasis generally showed the greatest changes 
in serum proteins accompanying infections of in protein fractions. Separation of alpha-2 glob- 


ulin into two peaks was noted especially in 


any intestinal parasites are known to the au 
thors. Stauber (1954), however, reported that 


severe 


cases. 
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RESEARCH NOTE 


INTRACELLULAR TRICHOMONAS VAGINALIS AND TRICHOMONAS GALLINAE 
IN NATURAL AND EXPERIMENTAL INFECTIONS. 


In recent studies (Honigberg and MeLure, 1960, J. Prot. 7 (supp.): 6) of the effects on 
chick liver monolayer cell cultures of two strains of Trichomonas gallinae, maintained 
axenically, the flagellates were found within the cytoplasm of macrophages and of fibroblast- 
type cells. In fact, the highly pathogenic Jones’ Barn (JB) strain of Stabler appears capable 
of actual multiplication in and ultimate destruction of the macrophages (fig. 1). Parasites 
of this strain were observed also, although very rarely, within liver epithelial-type cells 
(fig. 2). 

Histopathologic examination of subcutaneous lesions produced in C57 B1/6 mice by 
axenic cultures of TJ. gallinae (JB strain) revealed apparently healthy parasites within 
macrophages in edematous tissue at a considerable distance from the periphery of the 
abscesses (fig. 3). 

Epithelial cells in liver sections from a pigeon, experimentally infected with the Jones’ 
Barn strain by Dr. Robert Stabler, were found to contain trichomonads. (The axenic cultures 
of the parasite used in the experiments with cell monolayers and mice were originally isolated 
from this pigeon.) As far as can be ascertained the above are the first records of intracellular 
T. gallinae in mice or in the natural host. 

Observations of subcutaneous lesions produced in C57 B1/6 mice by axenic cultures of the 


virulent C, strain (Jacobs) of Trichomonas vaginalis have shown the parasites within 


macrophages of the tissues near the abscesses. 

Studies on Fast smear preparations (single slide with combined vaginal and cervical 
specimens) from humans with naturally occurring T. vaginalis infections have revealed host 
phagocytes engulfing the flagellates. In addition to neutrophiles, these include multinucleate 
giant cells (fig. 4) and mononucleate (fig. 5) macrophages. These intracellular forms usually 
appear to be healthy, and at times several trichomonads are found in a single host cell. 

Of considerable interest has been our recent finding of TJ. vaginalis within non 
phagocytic human epithelial cells in a tissue biopsy of the cervix uteri of a 36-year-old 
patient in her fourth month of pregnancy. The parasites were first identified in a Fast 
smear, along with bizarre cells exfoliated from regenerative and metaplastic epithelium. 
The endocervical biopsy revealed chronie cervicitis with squamous metaplasia. 7. vaginalis 
was observed within the cytoplasm of a huge “reactive” columnar epithelial cell at the 
squamo-columnar junction (fig. 6). Phagocytosis of T. vaginalis has been reported (Vajda, 
1959, Schweiz. Z. Path. Baet. 22: 858-861), but as far as can be ascertained this is the first 
record of this parasite having invaded the cytoplasm of a human host epithelial cell. Most 
workers in the field (Koss and Wolinska, 1959, Caneer 12: 1171-1193) have felt that the 
human genital trichomonad acts entirely as a saprophyte with a predilection for the surface 
of the squamous epithelium. None have reported finding the parasites within the epithelial cells. 

This investigation was supported in part by grants from the American Cancer Society, 
Maryland Division; CT-805(C11), National Cancer Institute, U.S.P.H.S. (Johns Hopkins 
University School of Medicine); and E-742, National Institute of Allergy and Infectious 
Diseases, U.S.P.H.S. (University of Massachusetts). The authors are indebted to Dr. Robert 
Stabler and Dr. Leon Jacobs for supplying some of the strains of 7. gallinae and T. vaginalis, 
respectively, and to Dr. J. M. Spence Jr., and Dr. C. B. Brack for their cooperation and as- 
sistance in allowing this report on their patient—J. K. Frost, Department of Pathology, Johns 
Hopkins University School of Medicine, Baltimore, Md., B. M. HoniaperG, AND M. T. McLure, 
Department of Zoology, University of Massachusetts, Amherst, Mass. 


Figure 1. 1-3, Trichomonas gallinae (JB), experimental infections; 4—6, Trichomonas 
vaginalis, natural infections. 1, dividing (arrows) and _ non-dividing flagellates within 
macrophages of chick liver cell culure, protargol stain x 1470; 2, trichomonads within a liver 
epithelial-type cell of chick liver culture, May-Grunwald-Giemsa stain x1470; 3, parasites 
within macrophages of mouse subcutaneous tissue away from site of inoculation, protargol 
stain x 1200; 4, flageliate within a multinucleate giant cell macrophage, human Fast smear, 
Papanicolaou stain x 480; 5, trichomonad within a mononucleate macrophage, human Fast 
smear, Papanicolaou stain x 1920; 6, trichomonad (arrow) and neutrophiles within abnormal 
epithelial cell at squamo-columnar junction, human endocervical biopsy, hematoxylin and eosin 
stain x 1200. 
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EFFECT OF CORTISONE AND X-IRRADIATION ON THE COURSE OF 


TRYPANOSOMA 


LEWISI INFECTION 


IN THE RAT 


I. V. HERBERT 


University of Nottingham School of Agriculture, Sutton Bonington, Loughborough, 
Leicestershire, England 


AND 
E. R. Becker 


Division of Life Sciences, Arizona State University, Tempe 


Since the finding by Becker and Gallagher 
(1947) 


infected with Trypanosoma lewisi causes pro- 


that salicylate administration to rats 


longment of the parasitic reproductive phase 
and increased parasitemia, a number of attempts 
have been made to ascertain the possible mecha- 
nism of this activity, particularly by Lysenko 
(1951) and Meyers and Lysenko (1953, 1956). 
These workers have suggested that the adminis 
tration of sodium salicylate decreases formation 
of (1932) 
proposed that this effect was mediated, directly 


Taliaferro’s antibody ablastin, and 
or indirectly, by increased output of ACTH in 
salicylate-treated animals. Justification for this 
view seemed apparent from the work of Engle 
(1953), Albanese et (1954), and Cronheim 
(1955). (1951) 


demonstrated a reduction in plasma protein and 


al 


and Koster Lysenko had also 


gamma globulin in salicylate-treated animals, 
and thought it possible that concurrent infection 
with 7. 


non. Kass and Finland (1953) have reviewed the 


lewisi would accentuate this phenome- 


evidence regarding the depression of resistance 
to various diseases induced by ACTH and corti- 
sone administration both by their adverse effect 
on antibody production and phagocytic activity. 
Generally speaking, ACTH and cortisone 
ministration affected the 


ad- 
resistance to same 
extent. 

Coburn and Kapp (1943), Friend (1953), 
and Spar et al (1957) have suggested that salicy- 
inhibit the the antigen 


antibody complex. Meyers and Lysenko (1956) 


lates combination of 
did not regard this ability to be of consequence 
in their investigation using the in vitro aggluti- 
nation of trypanosomes in salicylate-treated im- 


mune serum as a measure of this action. Talia- 
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regarded 
agglutination as a true manifestation of the 
"of the rat. 
This is in contrast to the findings of Thillet and 


ferro (1932), however, has never 


immune reaction against lewisit in 
Chandler (1957) and certain earlier workers. 
Chandler (1958) has suggested that the try- 
panosomes are agglutinated and then mechanic- 
ally filtered out of the blood in the liver, spleen, 
rendered easy to phagocytic 
(1951) 


ment of infection after administration of 


ete., and prey 


action. Barnes regarded the prolong- 
ben- 
zene as being due to the inhibition of phagocy- 
tosis. Both cortisone (Kass and Finland, 1953) 
and x-irradiation (Taliaferro and Taliaferro, 
1951) are reputedly antiphagocytic in activity 
besides adversely affecting antibody production. 
It was hoped that their administration would 
permit reinfection with 7. lewisi in previously 
immune rats. 


It 


course oF 


was also deemed desirable to chart the 
infections of 7. lewisi in rats treated 
both 


experiments to see if the findings would parallel 


with cortisone in initial and reinfection 
the results already obtained with salicylate ad- 


ministration. 


MATERIALS AND METHODS 


Male rats were obtained from the Holtzman 
Rat Company. The colony was flea- and louse-free, 
and apparently without Bartonella infection. 

The strain of Trypanosoma lewisi employed 
was vbtuined from the laboratory of Dr. W. H. 
Taliaferro of Chicago, a strain apparently differ- 
ing in some of its characteristics from the one used 
Becker and by Lysenko in their experiments. 
administered was Merck 


by 
The 
product. 

Blood from the tail of the rat was smeared 
and stained in Giemsa. The course of infection 
was traced according to the method of Taliaferro 
and Taliaferro (1922). 

The numbers of trypanosomes per cu mm of 
blood were counted Saul and 


Becker (1949). 


cortisone acetate a 


as prescribed by 





HERBERT AND BECKER—CORTISONE IN TRYPANOSOME INFECTION 


The experiments of series 1 were planned to 
determine the effect of cortisone administration 
upon initial infections of 7. lewisi in the rat. The 
rats used in this study were divided into three 
groups. All rats were infected by intraperitoneal 
injection with approximately a million trypano- 
somes. Group 1 consisted of four rats (19, 20, 21, 
22). Three were injected subcutaneously on the 
zero day of infection with 25 mg cortisone per kg 
of body weight. One rat (19) was control and re- 
ceived no cortisone. Cortisone injections were given 
for 15 consecutive days and the animals weighed 
every second day, and blood smears were examined. 
Group 2 consisted of four rats (33, 34, 35, 36). 
Experimental procedure was the same as group 1 
save that was administered at the rate 
of 50 mg per kg rat weight for the first 5 days of 
infection, after which the dose was dropped to 25 
mg per kg rat weight. One rat (33) was control. 
The high dosage of cortisone given was intended 
to reduce the condition of the rats as 
possible and cause them to suffer a negative nitro- 
gen balance early in the course of infection. Group 
3 consisted of two rats (37, 38) each given doses 
of 50 mg cortisone per kg rat weight prior to infee- 
tion. They were sunbsequently given 25 mg per 
kg rat weight each day throughout the experiment. 


cortisone 


much as 


The experiments of series 2 were planned to 
determine the effect of administration 
upon rats which had previously been infected and 
had completely recovered. The rats were divided 


cortisone 


into two groups, each composed of four rats. 

Group 1. Rat 9 was control. Rats 3, 7, and 
8 each received subcutaneous injections of corti- 
sone at the rate of 50 mg cortisone per kg of rat 
weight for 5 days prior to injection of trypano- 
somes. The dosing was continued for 20 days. On 
the fifth day of cortisone administration, approxi- 
mately a million trypanosomes were injected intra- 
peritoneally into each of the four rats. Two days 
later, 5 million trypanosomes were injected; and 
after 4 more days, 20 million trypanosomes. The 
blood of each rat was examined 1, 6, 24, and 48 
hours after each injection. 

Group 2. Rat 16 control. Rats 14, 17, 
and 18 each received 25 mg cortisone per kg rat 
weight. Trypanosomes were injected into the tail 
vein at the rate of 10 million and 22 million on the 
third and eighth days, respectively, after cortisone 
administration started. The was ex- 
amined as in the previous experiment. The trypano- 
somes were injected intravenously in order to by- 
pass the mesenteric lymph nodes which were pos- 
sibly a source of antibody production. 

A third group of five rats (19, 16, 23, 24, 25) 
was employed to see if reinfection with T. lewisi 
could be accomplished by the administration of 
both salicylate and cortisone. Becker and Lysenko 
(1948) had demonstrated reinfections of T. lewisi 
in immune salicylate-treated rats, though sporadi- 
cally. In their experiments both donor and recipient 
rats were treated with salicylate. Salicylate dosage 
was 45 mg per kg body weight, as prescribed by 
Saul and Becker (1949), and cortisone dosage at 
the rate of 25 mg per kg. Rat 25 was control, rats 


was 


was blood 
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19 and 23 received salicylate only, rats 16 and 24 
received salicylate and cortisone. The above treat- 
ment was continued for 3 days, after which each 
rat was injected with approximately 200 million 
trypanosomes. 

Series 3 with nine immune (i.e., recovered) 
rats was designed to see if (1) X-irradiation and 
cortisone or (2) X-rays alone had any effect upon 
reducing or destroying the acquired immunity of 
rats to 7. lewisi infections, since Taliaferro (1957) 
has commented on the similarity in anti-immune 
response wrought by cortisone and X-irradiation. 
Group A composed of rats 43, 44, and 45 was sub- 
jected to dosages of cortisone at the rate of 50 mg 
per kg of rat weight for 4 days prior to X-irradia 
tion of 800 r (the lethal dose). Group B compose:| 
of rats 46, 47, 48 and 49 received X-irradiation of 
800 r. Group C composed of rats 50 and 51 received 
neither cortisone nor X-irradiation. Since Talia- 
ferro (1957) reported that maximum X-ray injury 
is evident after 12 hours or longer delay before 
antigen is administered, the effect of the irradia- 
tion was permitted to show itself for 2 days before 
250 million trypanosomes (an exceedingly heavy 
dose) were injected intraperitoneally into each of 
the above rats. The trypanosomes injected were in 
the rapidly dividing state and from salicylate- 
treated donor rats. Blood samples were examined 
for trypanosomes 0.5, 1, 6, 24, 48, and 96 hours 
after injection. 

The report of the results that follows is ex 
ceedingly condensed. Most of the data appear only 
in the most general form, but the reader who de 
sires to see them in detailed tables and graphs may 
find them in the thesis prepared for the master of 
science degree by Herbert (1958). 


RESULTS 


The courses of the initial trypanosome in- 
feetions in series 1, cortisone-treated rats, were 
not in any different 
control rats, and were similar to those first de- 
(1922). 


resistance ac- 


way from those in the 


scribed by Taliaferro and Taliaferro 


Individual susceptibility and 


counted for variations in duration of infee- 
tions. It is interesting to note that the rats 
of the uncontrolled group 3 (37 and 38), which 
had received the highest dosage of cortisone, 
soon “threw off” infection. Indeed, rat 38 be- 
“ame immune in the shortest time of any rat 
(13 days). Both rats 37 and 38 were showing 
obvious signs of anemia by the end of the ex- 
periment as judge from the appearance of the 
membranes, blood smears. 


mucous eyes, and 


All cortisone-treated rats lost a great deal of 


weight and general body condition. No im- 


pairment of immunity was observed, however, 


at the dosages stated. 
Figure 1 shows the numbers of trypanosomes 
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and the coefficients of variation of control rats 
(Nos. 19, 33) and four of the cortisone-treated 
rats (Nos. 20, 21, 34, 35). 

The results of the second series of experi- 
ments were entirely negative. Despite the fact 
that all of 


weight and condition, no reinfeetions were ob- 


treated animals lost a great deal 


served, 
The 


ments were also entirely negative. All x-irra- 


results of the third series of experi- 
diated rats lost condition, developed intense 
ot 


Anemia and leucopenia were in evidence from 


diarrhea, loss appetite, and morbidly. 


stained blood smears. All the rats treated were 
killed after 96 hours in consideration of their 


extremely morbid condition. 


19 


$8 § § 3 
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T 
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(While x-irradiation of the above intensity 
failed to permit reinfections of immune rats 
with 7. 


sitemia 


lewisi, it was established that the para- 


in initial infections was greatly in- 


creased and frequently caused death of the 


infected animals.) 


DISCUSSION 


The depression by cortisone administration 
of the cellular and humor defenses, phagocyto- 
the 
established 


antibody formation by 


endothelial 


sis, and reticulo- 
( Asboe- 


1958). More general depression of 


cells is well 


Hansen, 
resistance to various infections by cortisone is 


reviewed by Kass and Finland (1953). All 


RAT 33 
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HERBERT AND BECKER—CORTISONE IN TRYPANOSOME INFECTION 


workers studying immunity of rats to 7. lewist 
have implicated the reticulo-endothelial system 
of the body as being concerned in the production 
of antibody (Taliaferro, 1938; Augustine, 1943; 
Chandler, 1958). The form which the antibody 
or antibodies take is a subject to disagreement. 

Cortisone administration, however, is shown 
here to have no deleterious effects upon anti- 
body formation, particularly the formation of 
ablastin and maintenance in rats infected with 
T. lewisi. Therefore, salicylates cannot act in a 
similar manner to ACTH or cortisone adminis- 
tration as Meyers and Lysenko (1953, 1956) 
supposed. (Our findings, of course, would not 
apply to other steroids whose output might be 
stimulated by ACTH.) This finding is unex- 
pected, especially since an anti-immune response 
to a wide variety of other antigens has been 
noted by many workers following cortisone ad- 
ministration. 

There seem to be two possible factors which 
may explain these unexpected results. These 
may operate singly or together. 

(1) Both Bergland and Fagraeus (1956), 
working on sheep hemolysin production in rats, 
and Hayes and Dougherty (1952), working on 
immunization to horse serum, have found that 
the effect of cortisone can be overcome by high 
antigen dosage. Since 7. lewisi represents a 
rapidly multiplying antigenic component, it is 
conceivable that the large numbers of trypano- 
somes (or their metabolic products) present in 
the blood would nullify the effect of cortisone. 
No effects of cortisone in reinfection experi- 
ments were seen, either. 

(2) Germuth et al (1952) have stated that 
animals infected with some diseases may be 
benefited by the administration of ACTH and 
Policard Tuchmann-Duplessis 
(1952) have reported an increased removal of 
silicate particles by the lymphatics during the 
administration of ACTH to living animals. 
This action was believed to be due to a reduced 
inflammatory reaction of the tissue, the blood 
flow through the tissues being reduced. In ex- 
periments recorded in this present investigation 
where cortisone has been administered to rats 
infected with 7. lewisi, cortisone-treated rats 
threw off traces of infeetion before control ani- 
mals. This is especially evident in the ease of 
rat 38 which had received the highest dose of 
cortisone. Our experimentation on this point, 


cortisone. and 


however, is too limited to be conclusive. 
Taliaferro (1958) has found that the anti- 
body trypanolysin, which he postulates is re- 
sponsible for the removal of the parasites from 
the blood, is a molecule of high molecular weight, 
whereas that of ablastin (the reproduction-in- 
hibiting antibody) is of small molecular size. 
It is possible that antigenic particles of different 
sizes evoke effects from different components of 
the reticulo-endothelial system, and that corti- 
sone affects certain of these components but not 
others. This is no new concept in explaining the 
anomalous results obtained after cortisone ad- 
ministration (see Hanan and Overman, 1953). 
A glance at the results (fig. 1) shows that the 
reproductive capacity of the parasite was in no 
way affected by cortisone administration. It may 
be that the 
moval of parasites from the blood are affected, 


mechanisms concerned in the re- 


but our evidence on this point is not conclusive. 

Neither x-irradiation nor cortisone adminis- 
tration to immune rats has lowered resistance 
sufficiently to The 
munity, once acquired, is very great and is not 


permit reinfections. im- 


readily diminished. 


SUMMARY 


The administration of cortisone to T. lewisi 
infected 
production of Taliaferro’s antibody albastin or 
maintenance. Results indicate that, if 
anything, the duration of the infection is 
diminished, but it is not possible to give con- 


rats does not cause inhibition of the 


of its 


clusive evidence on this latter point because of 
the inherent variability in duration of infection. 
at the 
corded, therefore, does not exert a deleterious 


Cortisone administration levels re- 
effect on antibody production or maintenance in 
a similar manner to salicylate administration. 
This therefore, with the 
speculations of Meyers and Lysenko (1953, 
1956) so far as they may apply to the effect of 
ACTH in stimulating the secretion of corti- 
sone. 


finding disagrees, 


Neither cortisone administration nor lethal 
x-ray irradiation have permitted reinfections 
of immune rats with massive doses of 7. lewisi. 
Hence, the specific chemical groups or con- 
figurations responsible for maintaining anti- 
body specificity are seemingly not x-ray sensi- 
tive at the doses administered. 
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A PARASITOLOGICAL SURVEY 
OF FIFTY-ONE EASTERN WHITE-WINGED DOVES 


Rosert M. STABLER 


Colorado College, Colorado Springs 


In a very useful check-list of the parasites 
of pigeons and doves, Levine and Kantor (1959) 
cited four sets of authors who have listed para- 
sites of the white-winged dove (Zenaida asi- 
atica): Laveran and Petit (1909), and Beltran 
(1942), who reported Haemoproteus only; 
Wood and Herman (1943), who found Haemo- 
proteus (two species), Trypanosoma, and Plas- 


modium; and Saunders (1955), who noted the 


presence of microfilariae. The only other refer- 


ence to the parasites of these doves is that of 
Saunders (1959), who reported on 72 of them 
in a survey of blood films from wild Mexican 
columbids. (See Addendum) 
Because of the additional data secured by 
the author in a parasitological study of 51 in- 
dividuals of this dove, the present observations 


seem worth recording. 


MATERIALS AND METHODS 


The birds were eastern white-winged doves 
(Zenaida a. asiatica) trapped alive on May 30 and 
31, 1960, in Hidalgo and Cameron Counties, Texas. 
They 
Springs, Colorado, arriving the night of the Ist 
Examination began 


were sent immediately by air to Colorado 


of June. There were no losses. 
the morning of the 2d of June and was completed 
3 days later, 

Each bird was given the following survey. The 
for hippoboscids, which 
sent to Washington, D. C. for identification. 
checked for the Tricho- 
monas gallinae. The trichomonads from every fifth 
dove were placed in clean, non-immune domestic 
(Columba livia) in order to detect the 
virulent strains of the flagellate. 
gallinae were later sought at 


feathers were searched 
wert 
Saliva 


was presence of 


pigeons 
presence of 
Lesions due to T. 
autopsy. 

A toe nail was then cut, the blood therefrom 
being filmed, stained in Giemsa, and later thor- 
Next, each bird 
was killed by thoracic compression, and a leg re- 
moved, The head of the femur was cut off and the 
marrow extracted. This was mixed with Ringer’s 
solution and examined immediately for parasites. 

Lack of time prevented an examination for 
intestinal organisms. 


oughly examined for hematozoa. 


Received for publication July 18, 1960. 


OBSERVATIONS 


Table I summarizes the incidences of the 
parasites in the 51 doves. 

All 51 birds had heavy oral 
Despite this, no 
that its 


monads were of the virulent strains. As a fur- 


Trichomonas. 
populations of 7. gallinae. 
single dove showed any sign tricho- 
ther check on virulence, the trichomonads from 
every fifth bird (11 in all) were placed in the 
mouths of 1] 
domestic pigeons. Their infections were allowed 


Trichomonas-free, non-immune 
to run for 14 days, at which time they were 
sacrificed. All 11 pigeons had strongly positive 
salivas, yet not one showed the slightest pathol- 
ogy. The dove strains of 7. gallinae were, there- 
fore, avirulent. 
Haemoproteus. Both H. columbae (in all 
51 birds) and H. sacharovi (in 26 birds) oe- 
curred in this survey, 26 showing both species. 
The blood films of two birds 
The 


where present, were rounded and the host nu- 


Plasmodium. 
contained Plasmodium sp. gametocytes, 
cleus was displaced to one end of the cell even 
in the early trophic stages. Species identifica- 
tion was not attempted. 

Trypanosoma. These organisms were found 
only in the bone marrow, all blood films being 
negative for 7. avium. Two doves showed rather 
scanty marrow (femur) populations. 
filaria These 


were not represented on the films in this. survey. 


Leucocytozoon and larvae. 


Hippoboscidae. Several birds showed louse- 
flies in their feathers. 
podopostyla crawled from one dove, while the 


A single Stilbometopa 


smaller Microlynchia pusilla was recovered from 


four separate birds. 


DISCUSSION 
This is the first published report of Tricho- 
monas gallinae from the white-winged dove. 
The 100 percent incidence is noteworthy, as is 
the complete lack of evidence of virulence of the 
populations. Strains isolated from mourning 


309 





THE JOURNAL OF PARASITOLOGY 


TABLE I. 
Tricho- 
monas 
gallinae 


Haemo- 
proteus 
sacharovi 


Haemo- 
proteus 
columbae 


*arasite 


No. Pos m1 m1 26 
doves (Zenaidura macroura) have proven capa- 
ble of producing severe pathology in clean, non- 
immune pigeons (Stabler, 1954). This incidence 
in the white-winged doves is important in the 
light of the known epizootics caused by this 
flagellate in the mourning dove. 

The incidences reported here for Haemopro- 
teus do not agree with those published recently 
for the white-winged dove by Saunders (1959). 
She examined blood from 14 birds of the eastern 
(asiaticus) race and 58 of the western (mearnsi) 
race. Haemoproteus columbae was in none of 
latter 
while her Haemoproteus sp. (probably (H. sac- 


the former and only 3 of the birds, 
harovi) was in all 13 of the eastern race and 44 
of the These 
somewhat puzzling in the light of the observa- 


western race birds. results are 


tions reported here. It should be noted, however, 
that her films were made in the winter months, 
while those of the 
in June, 


present survey were made 


The presence of 7. avium in the femoral 
marrows of two doves, despite the absence of 
it on the blood films from the same individuals, 
points up the necessity of examining tissue 
other than blood in the search for this avian 
flagellate. 

Filaria larvae, mentioned by Saunders in 
1955 and reported in detail from this dove by 
her in 1959, were not noted on the films reported 
here. It may be significant that she examined 
heart blood, while the present films were from 
peripheral (toe) blood. 

The hippoboscids recovered may or may not 
have been the vectors of the two species of 
Haemoproteus recorded. It is planned to section 
the flies in an effort to determine whether or not 
their viscera show developmental stages of 


haemosporidian parasites. 
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Incidences of parasites from 51 eastern white-winged doves (Zenaida a. 
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sion allowing export and import of the doves. 
The writer is also grateful to Mr. John E. 
Bellis, Rockefeller Institute, for much help dur- 
ing the actual examination of the birds. The 
identification of the associated hippoboscids by 
Dr. Alan Stone, U. 
gratefully acknowledged. 


S. National Museum, is most 


SUMMARY 


1. Fifty-one eastern white-winged doves 
(Zenaida a. asiatica) were trapped May 30 and 
31, 1960, in Hidalgo and Cameron Counties, 
Texas, and examined for parasites a few days 
later in Colorado Springs, Colo. 

2. All 51 were positive for Trichomonas gal- 
linae, but showed no pathology. Two weeks after 
being inoculated from 11 doves, 11 non-immune 
domestic pigeons had heavy populations of T. 
gallinae, yet showed no evidence of flagellate 
virulence. 

3. Haemoproteus columbae was in all 51 
birds, H. sacharovi was in 26; therefore, 26 had 
both species. 

4. Plasmodium sp. was present in the films 
from two doves. 

5. Whereas the 


birds showed Trypanosoma avium, all bloods 


femoral marrows of two 
were negative for trypanosomes. 

6. Hippoboscids of the species Stilbometopa 
podopostyla and Microlynchia pusilla were 
found on the doves. Whether or not they repre- 
sent the vectors of the haemoproteids is a ques- 


tion. 


ADDENDUM 
Since the submission of this paper for pub- 
lication, a short note describing the finding of 
T. gallinae in the white-winged dove was pub- 
lished by Locke and Kiel (Proce. Helm. Soe. 
Wash. 27: 128, 1960). They reported that six 





STABLER—PARASITOLOGICAL SURVEY OF WHITE-WINGED DOVES 


cultures from 17 throat swabbings of birds 
killed near Edinburg, Texas, were positive when 
incubated 2 to 3 days later in Laurel, Maryland. 
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RESEARCH NOTE 


INTESTINAL HELMINTHS OF SOME COLORADO MAMMALS. 


During the summer of 1959, an investigation was conducted on the intestinal parasites 
of 17 species of small mammals from Saquache County, Colorado. The parasites found and 


the hosts are listed below. 


Parasite 


Host 


CESTODA 


Andrya primordialis Douthitt, 1951 


Catenotaenia dendritica (Goeze, 1782) 


Choanotaenia peromysci (Erickson, 1938) 
Hydatigera macrocystis (Diesing, 1850) 


Mesocestoides carnivoricolus Grundmann, 
Rodentolepsis parva (Rausch & Kuns, 1950) 


Hansen, 1948 
1935 


Schizorchis ochotonae 
Taenia taxidensis Skinker, 


Microtus longicaudus 

M. montanus 

M. pennsylvanicus 
Tamiasciurus hudsonicus 
Clethrionomys gapperi 
Peromyscus maniculatus 
Peromyscus maniculatus 
Lynx rufus 

Lynx rufus 

Sorex cinereus 

S. palustris 


1956 


S. vagrans 
Ochotona princeps 


Taxidea taxus 


TREMATODA 


Neoglyphe locellus (Kossacks, 1910) 


Sorex cinereus 
S. palustris 
S. vagrans 


ACANTHOCEPHALA 


Moniliformis clarki (Ward, 1917) 


Peromyscus maniculatus 


NEMATODA 


Ascaris columnaris Leidy, 1856 
Cephaluris coloradensis Olsen, 1949 
Heteroxynema cucullatum Hall, 1916 


Labiostomum sp. 

Murielus harpespiculus Dikmans’ 1939 
Physaloptera praeputialis Linstow, 1889 
Protospirura numidica Seurat, 1914 
Rictularia coloradensis Hall, 1916 


Syphacia eutamii Tiner, 1948 


Syphacia obvelata (Rudolphi, 1802) 


Toxacaris leonina (Linstow, 1902) 


Taxidea taxus 

Ochotona princeps 
Eutamias quadrivittalus 
E. minimus 

Ochotona princeps 
Ochotona princeps 
Lynx rufus 

Peromyscus maniculatus 
Eutamias minimus 
Peromyscus maniculatus 
Eutamias quadrivittatus 
E. minimus 

Citellus lateralis 
Microtus longicaudus 
M. pennsylvanicus 
Lynx rufus 


Pau D. Letsy, Department of Zoology, Colorado State University, Fort Collins. 





KEY TO THE NORTH 
HOPLOPLEURA 
OF TWO SPECIES: 


CHESTER J. STOJANOVICH 


Since 1951 when Ferris published his mono- 
graph of the sucking lice of the werld, additional 
new species have been discovered and species 
complexes have been divided into groups of 
closely related species. Cook and Beer (1959) 
described two new species of Hoplopleura, H. 
ferrisi and H. onychomydis, and Johnson (1959) 
has divided Neohaematopinus sciurinus complex 
into Neohaematopinus sciurinus (Mjoberg), N. 
sciuri Jancke, and N. semifasciatus Ferris based 
on good morphological characters and host as 
sociations. Additional research has revealed at 
least two more new species which are described 
and figured in this paper, with notes on related 
species and keys to the North American species 
of both 


discovered during the past year. 


genera incorporating new characters 


Veohaematopinus spilosomae n. sp. 
(Plate I 
Notes. This 
closely related to Neohaematopinus citellinus Ferris 
and N. 
the posterior margins of paratergal plates 3 to 6. 
It differs from N. 
the middle abdominal sternal and tergal plates in 
the female and the middle sternal plates in the 
male. Other differences can be noted in the shape 
of the sternal plate of the thorax. In spilosomac 
the posterior angles are prolonged so as to form a 


Comparative new species is 


pacificus Ferris in having three spines on 


citellinus principally in lacking 


deeper emargination than in citellinus. The number 
of setae on the posterior margin of 
plate 2 differs in that N. 
and . spilosomae has only two. The occipital re 


paratergal 
citellinus has three setae 


gion of the head is more constricted in spilosomar 


with a distinet “neck-like”’ area and posterior 
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AMERICAN SUCKING 
AND NEOHAEMATOPINUS WITH 
(ANOPLURA: 


LICE IN THE GENERA 
DESCRIPTIONS 
HOPLOPLEURIDAE) 


AND Harry D. Pratrr 


lateral angles. differs from N. pa 
cificus in lacking a stout spine on the posterior 


H. spilosomac 


angle of the first antennal segment. 

Types. Holotype, a female; allotype, a male; 
and 50 paratypes of both sexes from Citellus spilo 
soma, Bernalillo County, New Mexico. Type series 
collected by Dr. C. Clayton Hoff, University of 
New Mexico. The holotype and allotype are depos 
ited in the U. 8. National Museum, Washington, 
D. CO, 

Female. Length about Head 
occipital region rather strongly narrowed into a 
“neck.” Antenna without the usual enlarged seta on 
Sternal plate 


1.2 mm. with 


posterior-apical angle of segment 1. 
of thorax with its posterior angles produced to 
form a deep posterior emargination. Abdomen with 
tergal and sternal plates lacking with the exception 
of the first three and the last two tergal plates, the 
first sternal plate and the genital plate. Paratergal 
3 to 6 with three setae on the posterior 
and 8 with only 


plates 
margin; paratergal plates 2, 7, 
two setae on the posterior margins. 

Male. Length 1.2 mm. Antenna with the third 
segment slightly modified and bearing a pair of 
recurved stout setae. Abdominal tergal plates well 
ceveloped, each bearing a row of setae except for 
the eighth tergite which but 
entirely across the abdomen. Sternal plates of the 


lacks setae extends 
abdomen lacking except for the ge ital plate and 
the first sternite. 
Other Records. 
mined as N. citellinus by Morlan and Hoff (1957 
Examination of their material and the type mate 
rial in the Stanford University collection indicates 


This new species was deter 


that spilosomae always lacks the sternites in both 
sexes, while citellinus has these plates. We are in 
debted to Dr. C. C. Hoff for loan of his mounted 
material and the type series of specimeus. 
Paratypes of both new species have been de 
posited in the collections of the British Museum ; 
Canadian National Collection; the Rocky Mountain 
Laboratory, Hamilton, Montana; the San Fran 
cisco Field Station, U. S. Public Health 
and the private collection of Dr. K. C. Emerson. 


Service ; 


Key to the North American Species of 
Neohaematopinus 

Thoracic sternal plate concave on posterior 

margin 

Thoracie sternal plate somewhat oval, more 

or less convex on posterior margin 11 
“. Paratergal plates 3 to 6 with three stout 

spines on posterior margins 3 
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Paratergal plates 3 to 6 with two spines on 
posterior margins 
Posterior angle of first antennal segment 
with a stout spine. (On Eutamias) 
N. pacificus (Kellogg and Ferris) 
Posterior angle of first antennal segment 
without a stout spine 4 
Abdominal tergal and sternal plates pres- 
ent on each segment in both sexes. (On 
Citellus tereticaudus) N. citellinus Ferris 
Abdominal tergal and sternal plates absent 
in the middle segments of female; male 
with only sternal plates absent. (On Citel- 
lus spilosoma) 
N. spilosomae Stojanovich and Pratt 
First antennal segment prolonged posterio- 
apically, with a stout spine 6 
First antennal segment without such a pro- 
longation 
Female without sternal and tergal plates 
on abdominal segments except for the nor- 
mal terminal and genital segments. (On 
Sciurus griseicolus) N. griseicolus Ferris 
Female with sternal and tergal plates on 
all abdominal segments 
Second antennal segment with short spine- 
like seta on posterior margin. (On Tamia- 
sciurus hudsonicus ) N. semifasciatus Ferris 
Second antennal segment without spine-like 
seta (On Scturus niger) 
N. sciurinus (Mjoberg) 
Abdominal sternal and tergal plates absent 
in female; male with only sternal plates 
(On Neotoma cinerea) 
N. inornatus Ferris 
Abdominal sternal and tergal plates present 
in both sexes 9 


absent. 


A row of setae present on membrane be- 
tween tergal and sternal plates of female 
and between tergal plates of male 10 
A row of membrane be- 
tween tergal and sternal plates in both 
sexes. (On Glaucomys) 


setae absent on 


N. seiuropteri (Osborn 
First antennal segment with a spine-like 
seta at the angle. (On 
Sciurus carolinensis ) N. sciuri Jancke 
First antennal segment with 
seta set somewhat away from the margin 
in the posterio-apical angle (On Neotoma 
albigula, streatori and micropus) 


posterio-apical 


a_ spine-ike 


Ferris 
Thoracic spiracle small, »bout one-fourth 
length of second coxa. (On Citellus and 
Cynomys ) N. laeviusculus (Grube 
large, almost one-half 
length of second coxa. (On Marmota) 
N. marmotae 


N. neotomae 
Thoracic spiracle 
Ferris 


Hoplopleura arizonensis n. sp. 


(Plate IT) 


Comparative Notes: This new species is re- 


lated to Hoplopleura hirsuta Ferris in the shape 
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of the sternal and paratergal plates. H. ari- 
zonensis has a longer, more pointed head and 
differs especially in the male having 13 tergites 
instead of 9 tergites found in H. hirsuta. An- 
other difference is the more elongate paratergal 
plates 4 and 5 in arizonensis. Both species are 
ectoparasites of the cotton rat, Sigmodon his- 
pidus. 

Types: Holotype, a male; allotype, a female, 
collected at Pinal County, Arizona, March 2, 1947, 
from Sigmodon sp. The holotype and allotype on 
the same slide deposited in the U. 8S. National 
Museum, Washington, D. C. Five male and 26 
female paratypes, Pinal County, Arizona, March 
2, 1947, from Sigmodon sp. Two male and four 
female paratypes, Pinal County, Arizona, March 
14, 1947, from Sigmodon sp. 

Male: About 1.5 mm mounted on slide. Head 
longer than wide and pointed anteriorly. Sternal 
plate of thorax longer than wide, rounded and 
produced posteriorly. First sternal plate on seg- 
ment three with two stout spines on each side, three 
finer setae in between. Accessory setae in several 
irregular rows in the membrane between sternites 
and tergites and paratergal plates. Paratergal 
plates similar to those of H. hirsuta in having a 
pointed process on each posterior-lateral angle of 
paratergal plates 2 to 5. Paratergal plates 4 and 
5 more elongate in arizonensis than in hirsuta, 
almost twice as long as wide; paratergal plate 6 
with only slight points on posterior angles; sev- 
enth and eighth paratergal plates without points. 
Thirteen tergal plates present, 11 of them bearing 
inflated setae, the last 2 without setae. The indi- 
vidual tergal plates are shorter than those of hir 
suta. There are no decided differences in the male 
genitalia of the two species. 

Female: About 2 mm long mounted on slide. 
Similar to the male but with 
with female specimens of 
Hoplopleura, Anterior and posterior genital plates 
of the female fused more or less along mid-ventral 
lines; each gonopod with three setae; tergi'e IX 
with two median setae shorter than those on either 
side; spine X rather short and stout, intermediate 
in size between the very short, stout spine of 
erratica and the long slender spine of acanthopus. 

Other Records: Ferris had material of both 
hirsuta and arizonensis before him when he de 
scribed hirsuta. The type of hirsuta designated by 
Nowell (1958) is from North Carolina. It has a 
blunt head. The female “hirsuta” which Ferris de 
scribed and figured in 1921 is actually arizonens’s 
from Sacaton, Arizona. Figure 75 in this 1921 pa 
per clearly shows the elongate pointed head and 
figure 76C shows the long and slender paratergal 
plates of the new species, 


more sternites and 
tergites, as is usual 


Key to the N th American Species of Hoplopleura 


1. Third abdominal sternal plate with two 
groups of two stout setae 
Third abdominal sternal plate with two 





THE JOURNAL OF PARASITOLOGY 


groups of three stout setae. (On Glau- 
comys ) H. trispinosa Kellogg and Ferris 
Posterior margins of paratergal plates 3 to 
5 with a broad or pointed lobe on each 
side 3 
Posterior margins of paratergal plates 3 
to 5 with four rounded lobes. (On Ory- 
zomys) H. oryzomydis Pratt and Lane 
Paratergal plates 4 and 5 with broad lobes 
on posterior margin 4 
Paratergal plates 4 and 5 with pointed 
lobes on posterior margin 
Paratergal plates 4 and 5 with one large 
and one minute seta on posterior margin 
Paratergal plates 4 and 5 with two large 
setae on posterior margin. (On field ro- 
dents) H. acanthopus (Burmeister) 
Abdomen with setae in some of the mem- 
brane between sternal and _ paratergal 
plates. (On Rattus) H. oenomydis Ferris 
Abdomen without setae in membrane be- 
tween ends of sternal and paratergal plates 6 
6. Thoracie sternal plate pointed posteriorly. 
(On Peromyscus) 
*H. hesperomydis (Osborn) and 


* These species are separated only in the im- 
mature stages. 


H. ferrisi Cook and Beer 
Thoracic sternal plate blunt posteriorly. 
(On Onychomys ) 
H. onychomydis Cook and Beer 
Thoracic sternal plate broadly triangular, 
about as long as broad; first sternal plate 
of abdominal segment 3 with two stout 
setae set close together on each side 
Thoracic sternal plate definitely longer 
than broad; first sternal plate of abdominal 
segment 3 with two stout setae more widely 
spaced on each side 
Paratergal plate 6 with both posterior an- 
gles produced into points. (On Eutamias) 
¢ H. arboricola Kellogg and Ferris 
Paratergal plate 6 without points on pos- 
terior angles. (On Tamias) 
H. erratica (Osborn) 
Posterior margin of paratergal plate 6 
with angles produced to form a deep emar- 
gination. (On Sciurus) H. sciuricola Ferris 
Posterior margin of paratergal plate 6 
with angles not produced to form a deep 


emargination. (On Sigmodon) 10 
10. Female with paratergal plates 4 to 5 elon- 
gated; male with 11 tergal plates bearing 
a row of setae 
H. arizonensis Stojanovich and Pratt 
Female with paratergal plates 4 to 5 only 
slightly elongated; male with only seven 
tergal plates bearing a row of setae 
H, hirsuta Ferris 
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REDESCRIPTION OF 
HAEMAPHYSALIS (ALLOCERAEA) INERMIS APONOMMOIDES 
WARBURTON, 1913 (IXODOIDEA, IXODIDAE) 


Harry Hooastraau 


Department of Medical Zoology, United States Naval Medical Research Unit Number Three, 
Cairo, Egypt, U.A.R. 


In the genus Haemaphysalis, whose 100-odd 
species are characterized by considerable strue- 
tural and biological homogeneity, the highly 
atypical H. inermis stands apart as a morpho- 
logical and biological link between primitive 
ixodids and all other haemaphysalids. The sub- 
species inermis has been rather well described 
and figured in a number of papers. However, 
the description and illustration of the sub- 
species aponommordes are too meagre and gen- 
eralized to establish convincingly the systematic 
separation of this taxon. Owing to the unique 
phylogenetic position of H. inermis, any sys- 
tematic question concerning this species is of 
more than ordinary interest. Study of a cotype 
specimen of aponommoides indicates that in 
reality certain taxonomically valid differences do 
exist between these two taxa, and the cotype 


aponommoides specimen is, therefore, being re- 
described and illustrated. Gratitude is expressed 
to Dr. G. Owen-Evans of the British Museum 
(Natural History) for the privilege of studying 
this tick. 


Haemaplhysalis inermis aponommoides 
(Figures 1 to 7) 


Haemaphysalis inermis aponommoides, War 
burton (1913), pp. 128-130, original description of 
“numerous” females from Himalayan zebu cattle, 
Caleutta, India (Nuttall collection 1566); various 
details roughly sketched, fig. 8. Nuttall and War- 
burton (1915), pp. 367-369, repetition of original 
description and illustrations; one additional female 
from horse at Fukoka, Japan, reported; cotype 
series stated to consist of 23 females. Delpy (1938, 
p. 9) appears to have identified a specimen from 
sheep from Mazanderan, Iran, as this subspecies. 

Redescription (female cotype, engorged) : 

Received for publication November 4,° 1960. 
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Bureau of Medicine and Surgery, Navy Depart- 
ment, Washington 25, D. C. The opinions and as- 
sertions contained herein are the private ones of 
the authors and are not to be construed as official 
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Total length 5.43 mm, greatest width 3.73 mm. 

2): Basis capituli dor- 
long; 
recurved 


Capitulum (figs. 1, 
sally approximately 2.5 times as 
lateral margins bluntly salient and 
posteriorly to form short, widely triangular cornua ; 
posterior margin practically straight; porose areas 
subeireular, situated in saucer-like pits, pits sepa- 
rated by area approximately equalling their own 
diameter; ventrally with lateral margins gradually 
converging to straight posterior margin, bearing 
approximately 5 sublateral setae (possibly addi- 
tional setae rubbed off) and a pair of very short 
posthypostomal bristles. Palpi very slightly less 
than 0.5 mm in length; with straight, parallel lat- 
eral margins and rounded apex; twice as long as 
wide; segment 1 clearly visible dorsally and ven- 
trally, approximately 1/9th of total length; seg- 
ment 2 of total length; segment 3 
slightly over 3/9 of total length. Setae as follows: 
approximately 4 ventrally on segment 1, approxi- 
mately 6 dorsally and 6 ventrally on segment 


wide as 


almost 5/9 


5 dorsally and 


approximately 5 ventrally on seg- 


ment 3. Segment 4 minute, situated in a pit near 
apex of segment 3. Segment 3 with a slight eleva 
tion ventrally (in place of retrograde spur usually 
found in this genus). Hypostome spatulate with 
rounded apex; dentition 3/3, denticles moderately 
large, extending full length of shaft, 
towards base much reduced: corona distinet and 


those 


moderately large. 
Scutum (fig. 4) 
mm in length and 2.5 mm at greatest width (meas 
ured from engorged specimen; length may actually 
be very slightly longer in flat specimen); anterior 
emargination shallow, shoulders rounded, antero 
lateral margins widely convex, posterolateral mar- 
gins converging and slightly concave; posterior 
margin narrow (approximately as wide as anterior 
emargination). Punctations very shallow, small to 
large in size, scattered, noncontiguous, slightly 
more numerous anterolaterally than medially and 
posteriorly. Cervical grooves shallow, indistinct. 
each with a small, 


measures approximately 1.8 


Legs (figs. 6, 7): Coxae 
widely triangular spur slightly overlapping poste- 
rior margin; situation of spurs and setae remain- 
ing on this specimen as illustrated. Trochanters 
ventrally with spurlike 
margins (hardly to be ealled true spurs), I 
sally with a moderate size triangular spur. Tarsi 
gradually tapering distally, II and III very slightly 
humped dorsally and with a peculiar, minute, spur- 
like projection on apical third of dorsal surface; 
setae remaining on this specimen as illustrated. 


obseure projections of 


dor- 
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Oo5mm 


Figure 1. Haemaphysalis 


cotype. 1 and 2, eapitulum, dorsal and ventral views; 3, genital area: 4, scutum; 
coxae and trochanters I to IV. 


plate; 6, tarsi [ to IV, lateral views; 7, 


Claws comparatively large. Pads extending to distal 
eurvature of claws. 

Spiracular plate (fig. 5) 
3), as illustrated. 


and genital area (fig. 
Male and immature stages: Unknown. 

Related form: 
differs from the nominate subspecies in the follow- 
Scutum more elongate, nar 
palpi narrower; (3) 


The subspecies aponommoides 


ing characters: (1 
rower posteriorly; (2) basis 
eapituli dorsally with more angular and more pro 
jecting lateral margins, ventrally with posterolat 
eral marginal junctures more rounded. 
Phylogenetically, narrowness of the palpi and 
lateral salience of the basis capituli of aponom 
moides are even more primitive in form than in the 
subspecies inermis. Hypothetically, when aponom 
moides males and immature stages are eventually 
discovered, a greater variety of differences between 
these two forms will be found. If true, 
may require full specific status. 
Practically all workers 


the species inermis alone in the subgenus Alloceraea, 


this form 


contemporary place 
originally proposed as a genus by Schulze (1919 

Morphological and biological relationships of this 
subgenus and an almost equally primitive haema- 
physalid subgenus, Allophysalis, were reviewed by 
Hoogstraal (1959 


SUMMARY 


Hae maphysalis (Alloceraea) inermis 


apo- 
nommoides Warburton, 1913, appears to pos- 
sess the most primitive characters of any of the 


Alloceraea) inermis aponommoides Warburton, 1913. Female 


5, spiracular 


100 forms that 
genus Haemaphysalis. Owing to its unique phy- 


approximately comprise the 


logenetic position and unsatisfactory quality of 
previous descriptions and illustrations, a cotype 
of this form is redeseribed. Only 3 collections, 
consisting of 23 females from eattle in India 
and single females from a horse and sheep in 
Japan and Iran, are known. Whether aponom- 
moides merits full specific status or not awaits 
discovery and study of males and immature 
stages. 
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THE EFFECT OF BIOTIN DEFICIENCY IN MESOCRICETUS AURATUS 
ON PARASITES OF THE GENUS DEMODEX 


Wa. B. Nurrinc AND Haroip Raucu 


Department of Zoology, University of Massachusetts, Amherst, Massachusetts 


It has been suggested that the general con- 
dition or health of the host may influence the 
extent to which it is parasitized. Hirst (1919) 
in his monograph of the genus Demodex states 
that these parasites are generally more numer- 
ous in sickly persons and animals. Specifically it 
has been said that the nutrition of the host is 
intimately related to its susceptibility to infesta- 
tion with mites of this genus (Morris, 1936; 
Irwin, 1937). Reported here are the results of a 
test of this hypothesis involving the effects of a 
debilitating vitamin deficiency (biotin) on the 
degree of infestation with this ectoparasite. 

Biotin deficiency is of particular interest 
since it results in alteration of the integument, 
the immediate environment of these mites. Such 
effects as keratosis and hypertrophy of the epi- 
dermis and the epithelium of the hair follicle as 
well as alopecia and interruption of sebaceous 
gland secretion have resulted from biotin defi- 
ciency in the mouse and the hamster (Montagna, 
1950; Rauch, 1952; Rauch and Nutting, 1958). 
Sinee the golden hamster, Mesocricetus auratus, 
is heavily parasitized by two forms of the genus 
Demodex (Nutting and Rauch, 1958), differen- 
tially located in the epidermal complex (Nut- 
ting, 1950), and also responds readily to biotin 
deficiency, it was selected as the experimental 
animal. 

MATERIALS AND METHODS 

Host: Mesocricetus auratus. A total of 105 
hamsters from strain N-1 of 13 to 15 generations 
of brother-sister matings were used in these experi- 
ments. Seventy-two of these were isolated at 18 
days of age and weaned on a basal diet supple- 
mented with egg white and sulfaguanidine (Rauch 
and Nutting, 1958). Thirty-three controls were iso- 
lated at the same age and maintained on a basal 
diet lacking supplementation. 

Four separate experiments (A, B, C, D) were 
conducted with these animals. Shortly after wean- 
ing, all animals, 20 to 40 days of age, were tested 
for the presence of Demodex spp. by examination 
of skin serapings from the dorsum. In experiment 
A all animals were skin biopsied at 40, 60, 80, and 
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100 days of age from both dorsum and ventrum. 
In B and C the same procedure was followed except 
that dorsal and ventral areas different from those 
of experiment A were sampled. Experimental ani- 
mals in D were biopsied at 60 and 80 days of age 
and were given daily injections of 4 micrograms of 
biotin starting at 72 days until the symptoms of 
deficiency had disappeared. All biopsies were see- 
tioned at 10 microns and stained with Hak. See- 
tions approximately 5 mm in length were read for 
a quantitative count of the parasite infestation. 

One deficient female from group A (more than 
3 months of age) was placed on the control diet 
and given daily injections of biotin (4 micrograms). 
Upon recovery, she was periodically surveyed for 
mites by examination of skin scrapings, and then 
bred with a control animal. Resulting young were 
sampled periodically by skin seraping for ecto- 
parasites. Three other females were recovered from 
deficiency with control diet. They were sampled as 
above, bred to control males and their young ex- 
amined for ectoparasites. All females were sepa- 
rated from males on first evidence of pregnancy. 

Parasites: Demodex spp. Living specimens 
of both forms of the parasite, Demodex criceti and 
Demodex sp., were placed in depression slides with 
fresh egg white and a water solution of the ex 
perimental diet egg white. Control specimens were 
likewise carried in physiological salt solution. All 
were sealed with coverslips ringed with paraffin 
and stored at 23 C. They were examined periodi- 
cally for evidence of normal activity. 

Pieces of skin with both forms of mites 
present were introduced subcutaneously to biotin 
deficient hamsters. These were removed at intervals, 
and one portion of each was examined for live 
ectoparasites; the other fixed, sectioned, and 
stained to obtain a permanent record of the con- 
dition of the mites. 


RESULTS 


Gross symptoms of biotin deficiency as de- 
seribed in Rauch antl Nutting (1958) were pro- 
duced in all four experiments. By 65 days ex- 
perimental animals showed characteristic symp- 
toms of this deficiency, i.e. loss of hair, dry, 
flaky skin, irritability, inflamed ocular mucosa, 
and plateauing of body weight. 

Histologically the skin was markedly changed 
in comparison to that of control animals. Six to 
eight layers of keratin measuring approximately 
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16 microns in total thickness overlay the hyper- 
trophied epidermis. The epithelia of the hair 
follicles were hypertrophied down to the level 
of the sebaceous ducts. Many layers of keratin 
formed a loose appearing plug in the greatly 
distended follicle. Hair 
shafts were usually absent. The habitats of 
Demodex criceti and Demodex sp. were thus both 


materially changed at least to the point of entry 


lumen of each hair 


of the sebaceous ducts. 

Examination of skin scrapings from both 
control and experimental animals showed all 
positive for both forms of Demodex by 40 days 
of age. No reduction in mite numbers was found 
at 40 days in serial sections of experimental and 
control animals in experiments A, B, and C. In 


experimental groups B, C, and D examination 


of five serial sections from the dorsal region, 60 
and 80 days of age, revealed 6 to 17 mites per 
animal in controls and zero mites in experi- 
mentals. In experiment A a study of 20 serial 
sections from each dorsal and ventral area at 
100 days of age disclosed 74 to 153 mites per 
area in controls with no mites per area in experi- 
mentals. Examination of several hundred other 
this 


group revealed only two specimens of Demodex 


sections from experimental animals in 
sp. and one of D. criceti. Both specimens of 
Demodex sp. were immature and were lodged 
below the level of the sebaceous glands. The 
stained sections indicated that these were living 
at the time of biopsy. The single individual of 
D. criceti was an octopod nymph. Serial sec- 
tions showed that this mite was trapped beneath 
the layers of keratin and further that it was ap- 
parently dead at the time of biopsy (fig. 1). 

The decrease in mite numbers appeared in 
both male and female hamsters. 

All females recovered from deficiency were 
found parasitized by both forms of Demodea 
prior to mating. Their young, born in isolation 
from their male parents, were also found parasi 
tized by both demodicids. 

No mites were found upon examination of a 
limited number of sections from the dorsal area 
of 100-day-old experimental animals of experi- 
ments B and C. 

Demodex spp. housed in depression slides 
containing raw egg white, dietary egg white, 
and physiological salt solution were alive in 51 
days. 

Both forms of Demodex survived in subeu- 
taneous transplants to biotin deficient animals 
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FIGURE 1. Octopod nymph of Demodes criceti (a) 
trapped beneath the heavy layer of keratin (b) in 
a section of skin from a biotin deficient hamster. 
Epidermis at (¢). 


for 40 days. 
DISCUSSION 


The reduction of these ectoparasites with 
the onset of biotin deficiency is of interest since 
the mechanisms involved are apparently not 
of a direct biochemical nature as reported for 
such parasites as Plasmodium gallinaceum 
(Terzian et al, 1953). Studies to date indicate 
that demodicids are relatively independent of 
direct biochemical relationships with their host 
animals except for matters of food supply. See- 
tions of skin infested with Demodex sp. and D. 
criceti show no evidence of tissue reaction. Sim- 
ple mucosa tests on heavily parasitized hamsters 
were negative (Nutting and Rauch, 1958). 

It also seems unlikely that lack of food would 
reduce the mite population in the short span of 
time of these biotin deficiency experiments. 
Demodex spp. are notoriously resistant to die- 
tary restrictions. Fetscher (1921) reported sur- 
vival of Demodex ganis for 25 days in water at 
12 to 15 C and for 12 days at 37 C. Mites in- 
carcerated in depression slides in such media as 
egg white and physiological salt solution lived 
for 51 days. Furthermore, survival of mites in 
the subeutaneous transplants in severely biotin 
deficient animals for 40 days is an indication of 
their resistance to adverse conditions. 
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The histologic picture of a mass of keratin- 
ized epithelium plugging the hair follicle above 
the outlet from the sebaceous gland and the dry 
flaky skin suggest that lack of sebum may some- 
how be involved in mite elimination. The fact 
that demodicids are occasionally found in se- 
baceous glands (Cram, 1925; Nutting, 1950) 
might even indicate a dietary requirement of 
sebaceous products for these parasites. Several 
facts militate against the view that lack of sebum 
is directly responsible for mite elimination in 
biotin deficiency. First is the short span of time 
involved in mite depletion (ca. 25 days) com- 
pared to the longevity experiments above (51 
days). Also, mites of the same genus are re- 
ported from the sweat glands of the dog (Hirst, 
1919), the pig (Nutting, 1950), and the Mei- 
bomian glands of the sheep (Baker and Nut- 
ting, 1950) far from the influence of sebaceous 
secretion. The keratinized layers are undoubt- 
edly tougher and less amenable to mite pene- 
tration than normal since sebum is reduced. In 
the process of spreading sections of tissue from 
biotin deficient animals the keratin layers often 
separated ribbon-like from the underlying epi- 
dermis, an indication of the tough inelastic 
nature of the keratin (fig. 2). 


Figure 2. Section of skin of a biotin deficient 
hamster. Strap-like layer of keratin (a), keratin 
plug (b) in the hair follicle, and sebaceous glands 
(e) show in this section. 
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It seems likely that increased thickness and 
toughness of the keratinized layer of the 
dermis is the most important factor in the 
eradication of Demodex criceti. These mites are 
always found in normal skin in shallow pits of 
the host epidermis (Nutting and Rauch, 1958). 
In our laboratory senile hamsters often showed 
marked keratosis of the epidermis and concomi- 
tant small numbers of D. criceti. In these same 
animals large numbers of D. sp. are present in 


epi- 


the hair follicles which, although to some degree 
hypertrophied, are rarely plugged with keratin. 

Decrease in the number of Demodex sp. is 
likewise apparently related to keratinization of 
the follicular epithelium. The two living speci- 
mens recovered in experiment A were resident in 
that part of the follicle below the level of the 
sebaceous glands where the cell layers seemed 
unaffected by the biotin deficiency. It should be 
mentioned that the presence of these specimens, 
both larvae, is in no way abnormal. Studies in 
our laboratory (to be reported elsewhere) on 
the relationships between the cycle of hair de- 
velopment and Demodex sp. show that this site 
is often oceupied by the larvae and nymphs. 

In both forms of Demodex physical, rather 
than biochemical, factors seem responsible for 
the decrease in numbers. Rapid thickening of 
the keratinized layer may form a barrier to mite 
invasion or even serve as an investing envelope 
which sloughs off carrying the mites from the 
host. 

The repopulation of mites in the isolated 
female hamsters upon recovery from biotin de- 
ficiency suggests that the mites must be from 
areas of the host body from which the mites 
not that 
Demodex sp. mite repopulation could stem from 


were eliminated. It seems clear for 
the continued development and reproduction of 
the immature forms discovered below the strue- 
tures which are influenced by biotin. Repopu- 
lation of D. criceti is more difficult to explain. It 
is probable for both mites that in body areas not: 
sampled hyperkeratosis is less severe and that 
mites surviving here may form the nucleus of 
the new populations. 

These experiments show that the poor nu- 
tritional condition of the host 


ciency is associated with very low numbers of 


in biotin defi- 


the ectoparasites, Demodex spp. This is directly 
contrary to the views of Hirst, Morris, and 
Irwin that the general nutritional debility of 
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the host is in part responsible for an increase 
in numbers of these parasites. However, it 
should be emphasized that in this deficiency the 
symptoms are extreme and specifically detri- 
mental to the immediate environment of the 
parasite. It is still possible that other dietary 
derangements with less deleterious effects to the 
skin complex could promote rather than depress 


mite infestation. 
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SUMMARY 


the golden hamster, 


marked de- 


Biotin deficiency in 


Mesocricetus auratus, occasions a 
cline in numbers of the ectoparasites Demodea 
criceti and Demodex sp. 

In hamsters under severe biotin deficiency 
only a few living immature stages of the ecto- 
parasites were found. These were in the hair 
follicle below the level of the observable influ- 
ence of the deficiency. 

It is suggested that physical disturbance of 
the mite habitat, especially keratinization of the 


epidermis and upper part of the hair follicle, is 
responsible for depletion in the mite population. 
The poor nutritional condition of the host in 


biotin deficiency is thus associated with rela- 
tively low numbers of ectoparasites of the genus 
Demodex. 
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NEONYSSUS TRIANGULUS N. SP., NASAL MITE (ACARINA: MESOSTIGMATA) 


FROM THE 


WHITE-WINGED DOVE 


(AVES: COLUMBIFORMES) 


AND KEY TO THE SPECIES OF THE GENUS NEONYSSUS* 


R. W. STRANDTMANN 
Department of Biology, Texas Technological College, Lubbock 


Neonyssus triangulus n. sp. 
(Figures 1 to 12) 


A medium-large mite, with long, flexible setae 
on legs and on ventral opisthosoma; dorsal pos- 
terior plate acutely triangular; anal plate nar- 
rowly ovate with the paired anal setae slightly 
anterior to a line drawn through middle of anal 
pore; coxae II, III, and IV each with a low, semi- 
circular protuberance on the posterior ventral face. 

Female (figs. 1 to 6). All measurements are 
given in microns. Length, excluding gnathosoma, 
620; varying from 570 to 660; width, 420. 

Dorsal side (fig. 6). About two-thirds of the 
dorsum is covered by two large plates. The podo- 
somal plate is broader than long, with the anterior 
margin rounded, the posterior margin straight. It 
measures 210 microns long by 300 wide. The hys- 
terosomal plate is triangular; the anterior margin 
is straight or slightly biconcave, the sides straight 
or very slightly sinuate, the posterior tip truncate, 
rounded, or obtusely pointed. Both plates are lightly 
reticulated; on the posterior plate the reticulations 
form fairly large, rather regular polygons, on the 
anterior plate they form narrow, transverse spaces. 
Both plates devoid of setae, but the anterior plate 
has 6 to 7 pairs of small, circular pores (or perhaps 
they are setal bases) and the posterior plate has 
three pairs such pores. One pair of short setae is 
between the two plates, two pairs of setae flank 
the posterior plate and two more pairs are near the 
posterior margin of the body. One pair of tiny setae 
is near the antero-lateral margin of the podosomal 
plate. There are also 4 to 7 pairs of small pores in 
the vicinity of the stigma. The stigma and short 
peritreme are dorso-lateral, between legs III and 
IV. Dorsal body striation are weak. 

Ventral side (fig. 1). The three sternal setae 
are very small, only the third pair is clearly dis- 
cernible. No sternal plate. Epigynial plate longi- 
tudinally striated and fairly short and narrow, with 
the posterior margin rounded, truncate, or bluntly 
pointed. Genital setae short and weak and each 
flanked by a small pore; in none of the forty speci- 
mens before me, are the genital setae on the plate. 
Anal plate elongate-oval, thickened laterally, with 
a well-developed cribrum; the three setae slender 
and equal, about twice as long as diameter of anal 
pore. There are two pairs of setae between genital 
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and anal plates, the anterior pair is very small and 
slender, the second pair about size of anal setae. 
One pair of small setae on posterior margin of 
body. Laterally, between coxa IV and the anal 
plate, are three to six long, flexible setae; their 
length is about equal to width of anal plate, There 
are three small apodemes on each side between the 
coxae and about halfway between the coxae and the 
sternal setae. 

Gnathosoma (figs. 2, 3). No deutosternal 
teeth; modified palpal seta apparently one-tined ; 
tectum a transparent membranous flap with char- 
acteristic radiating lines; chelae long and very 
finely pointed, (fig. 4); chelicera about 150 long, 
the chelae about 43. (Hence, the chela is about two- 
sevenths the total length of the chelicera.) 

Legs. Chaetotaxy of male, female, and nymph 
essentially similar. Coxae II, III, and IV each have 
a lunate exerescence postero-ventrally; inner mar- 
gin of coxae III and IV, serrate. Outer seta of 
coxa I fully twice as long as the inner seta; on 
coxae II and III the posterior seta is three times 
as long, or longer, than the anterior seta. All the 
ventral setae are long, flexible and, slender, with 
slightly swollen bases; setae on anterior margin of 
genu, tibia, and tarsus are especially long, being as 
long or longer than width of the segment. Dorsally, 
the setae are short, sharp, and slender. Pretarsus 
of leg I (fig. 5) short, less than half the length of 
pretarsus IT. 

Leg I is the shortest, followed in order by II, 
III, and IV. The average lengths, from I to IV 
respectively are: 415; 440; 455; 525. 

Male (figs. 7, 8). Length 570, width, 360. 
Propodosomal plate 185 long by 273 wide; hys- 
terosomal plate 240 long by 200 wide. The genital 
opening is medial, between coxae II and III; the 
ventral plate is between coxae III and IV and is 
medially sclerotized; the inner margin of coxa III 
is apparently not serrated; the spermatodacty] is 
of the same length as the movable arm of the chela 
and is fused to it (fig. 8). Otherwise similar to the 
female. 

Nymphs (figs. 9 to 12). The only plate is the 
anal. Leg chaetotaxy as in the female. Dorsal chae- 
totaxy as shown in figure 12; the setae are few 
and very small. Ventral chaetotaxy as shown in 
figure 10. Note that there are fewer opisthosomal 
setae: the number varies from one to three pairs. 

Although all nymphs before us agree reason- 
ably well with figures 9 to 12, there are neverthe- 
less apparently two forms, protonymphs and deuto- 
nymphs. The protonymph averages about 420 long 
and has a peritreme from 30 to 32 microns long; 
the deutonymph averages 470 long with a peri- 
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treme about 40 microns. 

Larva. We had no free larva for study but 
one female contained a larva. As is usual for 
mesostigmatid larvae, it had no stigmal opening 
and no peritreme. 

Type host: The white-winged dove, Zenaida 
asiatica (Linn.). All mites were found in the nasal 
turbinates. 

Type locality: Edinburg, Texas; September 
11, 1959, (117 bird heads) and September 10, 1958 
(50 heads). 

Types: Described from 40 females, 13 males, 
6 nymphs. Four nymphs were found free in nasal 
turbinates; two were contained within females. 
The holotype female, U. S. National Museum No. 
2686, and several paratypes are in the U. 8S. Na 
tional Museum, Washington, D. C., U. 8. A. 


Remarks: One hundred and_ sixty-seven 
white-winged heads were examined. The rate of 
parasitosis was light, only 19 heads, about 11 
percent, were parasitized. In 1959, fourteen of 
the 117 birds had 38 mites; in 1958, five of the 
50 birds had 19 mites. The number of mites per 
bird was light, since 12 was the largest number 
found per head. The low rate of infection seemed 
unusual in view of the fact that previous studies 
by us on pigeons (Columba livia) and mourning 
doves (Zenaidura macroura) showed a 30 per- 
cent infection and larger numbers per bird. 
However, an examination of 74 mourning dove 
heads collected at the same time and place as 
the white wings, showed a 15 percent infection 
(11 with mites) with its nasal parasite, Neonys- 
sus zenaidurae, and only one or two per bird. 
In mourning doves collected in Central Texas, 
in Northwest Texas, in Georgia, and in Missis- 
sippi, the percent of parasitized birds always 
approximated 30 percent. Why the rate should 
be so low in extreme South Texas we cannot say. 
However, since the mourning dove also had such 
a low rate, it is possible to conelude that N. 
triangulus is a normal parasite of the white wing 
and that in other areas it may be more abun- 
dant. 

In all cases, the female has one pair of very 
small subgenital setae, one pair of medium sized 
preanal setae, and one pair of small, terminal 
setae. The most common number of long lateral 
setae was four pairs (12 mites). Frequently the 
number of setae was not the same on both sides. 
Ten mites had three setae on one side, four on 
the other; one had two and three; two had two 
and four; three had four and five. 

This new species can be instantly recognized 
by the distinetly triangular posterior plate. Also 


no other species has three to six pairs of long 


setae on the ventral opisthosoma; other species 
either have more or the setae are very small. 
N. triangulus more nearly resembles the pigeon 
mite, NV. 
sclerotized bar subtends the stigma, and the 


melloi, than any other, but in melloi a 


inner, anterior margins of coxae III and IV 
have 2 to 3 large teeth instead of 10 to 12 small 
serrations as in N. triangulus. 

I hereby express my deepest appreciation to 
Dr. Pauline James of Pan-American College, 
Edinburg, Texas, who so kindly made available 
to me the material on which this study is based. 
I wish to thank also Mr. Melvin Thompson and 
Mr. Allan Hayse for collecting the birds, and 
Miss Karen Kinard who so carefully examined 
the bird heads and prepared the slides. 


Genus Neonyssus Hirst 

The genus Neonyssus is here restricted to 
those mesostigmatid mites of the family Rhino- 
nyssidae which have two large dorsal plates, a 
short peritreme, chelae that form one-third to 
one-fifth the total length of the chelicerae, legs 
I no longer than legs II, and pretarsus I only 
half as long as pretarsus II. It thus excludes 
navajast Pereira and Castro, 1949, and trappi 
Pereira and Castro, 1949, both of which have 
three dorsal plates; and squamosus Vitzthum, 
1935, shoutedeni Fain, 1956, and buteonis Fain, 
1956, all of which have only one dorsal plate. 
A new generic name, Tinaminyssus, was created 
specifically for trappi and navajasi by Strandt- 
mann and Wharton, (1958). The same authors 
transferred squamosus to Rhinonyssoides Hirst 
because it has attenuated chelicerae and small 
chelae but retained schoutedeni and buteonis in 
Neonyssus. 

Neonyssus buteonis meets all the generic 
qualifications given above except that it has only 
one dorsal plate. It therefore, is perhaps best to 
retain it in the genus for the present. 

Neonyssus schoutedeni however, has legs I 
much longer than legs II, pretarsus I longer 
than pretarsus II, and the chelae are bifid at the 
tip. For these reasons it is here excluded from 
the genus Neonyssus. Its true generic affinities 
are undetermined. 

The species of Neonyssus trom pigeons and 
doves (Columbiformes) form a closely related 
group within the genus, distinguished by the 
characteristic of long ventral setae. Neonyssids 
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from other birds have very short ventral setae. 

The following key to the species is based 
partly upon actual specimens and partly upon 
the literature. Species of which actual speci- 
mens were not seen are marked with an asterisk. 
It is all too sadly true that no key to species 
‘an be adequate if it is based upon the literature 
alone. Too few descriptions are really adequate 
and too many illustrations are superficial and 
hastily prepared. Gretillat’s illustrations of mar- 
candrei for example, while showing excellent de- 
tail of tarsus I, the chela, and the peritreme, 
give no regard whatever to leg chaetotaxy. His 
sketch shows only one seta on each coxa yet it 
is extremely doubtful if this is the case, as of 
the many thousands of mesostigmatie mites that 
we have looked at, not one has failed to have two 
setae on each of coxae I to IIT. With extremely 
rare exceptions, coxa IV never has more than 
one seta. 
Such an oversight makes one wonder if the 
absence of setae on other parts of the body is 
real or also an oversight. 

The illustrations and descriptions of serraoi 
Castro are so incomplete that serraoi is not in- 
cluded in the key to species. 


Key to Species Based on Females 


(Does not inelude serraoi Castro, 1948, as the 
description and illustrations are not detailed 
enough to make adequate comparison. Species 
marked with an asterisk (*) were not seen.) 

i. With one dorsal plate buteonis Fain 1 

With two dorsal plates 
2. With a_ sclerotized plate 

stigma 

Without such a plate 

Posterior dorsal plate widest posteriorly. Ten 

to 11 pairs of long, ventral setae. 

zenaidurae Crossley 1952 

Posterior dorsal plate widest anteriorly. Ven- 

tral setae short, or if long, fewer than 10 

pairs 4 

Seven to nine pairs of long, ventral setae; 

coxae II to IV with semicircular elevations; 

paired anal setae anterior to anal pore; geni- 
tal setae off the plate; female without a ster- 

nal plate melloi Castro 1948 

Female with a sternal plate; three to five pairs 

of very small, ventral setae; genital setae on 

the plate; paired anal setae lateral to the 

pore intermedius Hirst 1921* 

The lateral ventral setae at least as long as 

the width of the anal plate 6 

Ventral setae very small, or if long, not as 

long as width of anal plate 7 

Posterior dorsal plate rounded or trapezoidal, 

covering all or nearly all of the opisthosoma; 


posterior to 
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9 to 10 pairs of long, ventral setae; all four 
coxae with semicircular elevations; ecoxal setae 
essentially equal; only two anal setae and they 
are anterior to the pore. 
treronis Fain 1956* 
Posterior dorsal plate triangular; three to five 
pairs of long ventral setae; coxae II to IV 
with semicircular elevations; coxal setae un- 
equal; three anal setae, the paired setae near 
the anterior margin of the pore. 
triangulus n. sp. 
Female with a small sternal plate 8 
Female without a sternal plate 9 
Opisthosomal plate somewhat narrowed an- 
teriorly; paired anal setae posterior to the 
pore; genital setae not on the plate; coxal 
setae smali and equal. 
bubulcit Zumpt and Till 1955 
Opisthosomal _ plate posteriorly ; 
paired anal setae lateral to the pore; genital 
setae generally on the plate; coxal setae slen- 
der, long and equal ixobrychi Fain 1956 
All ventral setae very small 10 
Some of the ventral setae longer than the 
diameter of the anal pore; anterior margin of 
coxae IIT and IV with small serrations; paired 
anal setae anterior to pore; genital setae not 
on plate columbae Crossley 1950 
With three anal setae 11 
With only two anal setae. 
belopolskyi Bregetova 1950 
(=ardeae Zumpt and Till 1955) 
Paired anal setae at anterior margin of anal 
pore, posterior margin of podosomal plate con 
vex; more than three pairs of ventral opistho 
somal setae nucifragae (Hirst) 1923* 
Paired anal setae near posterior margin of 
anal pore; posterior margin of podosomal plate 
concave; only two pairs of ventral opistho- 
somal setae; apparently no genital setae. 
marcandrei Gretillat 1959* 


narrowed 


Host and Locality List 

HOST LOCALITY 

ORDER UNKNOWN 
“Bird of 
Madagas- 


car” 


intermedius 
Hirst 
(generic type) 


Madagasear 


TINAMIFORMES 
Mato-Grosso, serraoi Castro 


Brazil 


Rhynchotes 
rufescens 


CICONIIFORMES 

Maritime belopolski 
Province, 
USSR 

South Africa: 
Ruanda- 
Urundi: 
Anvers Zoo 
(Belgium ) 
South Africa: 
Ruanda 
Urundi: 


Ardea 
cinerae Bregetova 
Ardea 

melano- 
cephala 


ardeae Zumpt 
and Till 


bubulci Zumpt 
and Till 


Bubuleus 
ibis 





Egretta 
garzetta 
Egretta 
intermedia 
Hydra- 
nassa 
tricolor 
Melano- 
phoyx 
ardesiaca 
Ixo- 
brychus 
minutus 
Nycti 
corar 


nycttcoraxr 


COLU MBIFORMES 


Columba 
livia 


Columba 
passerina 
Columbi- 
gallina 
passerina 
Stig- 
matopelia 
senegal- 
ensis 
Strep- 
topelia 
capicola 
Strep- 
topelia 
semi 
torquata 
Treron 
clava 
Turtur 
afer 
Zenaida 
asiatica 
Zenaidura 
macroura 


FALCONIFORMES 
Buteo 
rufofuscus 
Coracias 
caudata 
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Zululand 
Ruanda- 


Urundi: 
Texas 


Madagascar 


Ruanda- 
Urundi: 


Ruanda- 


Urundi: 


Texas; Ruanda- 


Urundi 
Texas; Brazil 


Anvers Zoo, 
Belgium 
Texas 


Transvaal 


Transvaal 


Ruanda 
Urundi 


Ruanda 
Urundi 
Ruanda- 
Urundi 
Texas 


Texas, 
Southern U.S. 


Ruanda- 
Urundi 
Transvaal 


ardeae Zumpt 
and Till 
bubulci Zumpt 
and Till 
belopolski 
Bregetova 


marcandrei 
Gretillat 


ixobrychi 
Fain 


ardeae Zumpt 
and Till 


columbae 
Crossley 
melloi 
Castro 
columbae 
Crossley 
zenaidurae 
Crossley 


melloi 
Castro 


melloi 
Castro 


columbae 


Crossley 


treronis Fain 


melloi 
Castro 
triangulus 
n. sp. 
zenaidurae 
Crossley 


buteonis Fain 


buteonis Fain 


* PARASITOLOGY 


Ruanda- buteonis Fain 


Urundi 


Lophaetus 
occipi- 
talis 
Milvus 
tenebrosus 


Ruanda- columbae 


Urundi Crossley 
PASSERIFORMES 
Nuci- 
fraga 
caryo- 


Germany- 
Ulmenhorst 


nucifragae 
Hirst 


catactes 


SUMMARY 
Neonyssus triangulus n. sp. (Acarina: Rhin- 
onyssidae) is described from the white-winged 
dove, Zenaida asiatica, collected near Edinburg, 


Texas, U. S. A. It may be recognized by the dis- 


tinctly triangular shape of the posterior dorsal 


plate. The genus is defined and a key to the spe- 
cies and a host list are included. 
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PLATE | 


Neonyssus triangulus, female. 1, ventral view; 2, ventral view of gnathosoma; 3, dorsal 
view of gnathosoma; 4; chelicera; 5, dorsolateral view of tarsus I; 6, dorsal view. 
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Neonyssus triangulus, male. 7, ventral view; 8, chelicera. Nymph. 9, gnathosoma; 10, ven 
tral view, with an enlarged view of a trochantal seta; 11, chelicerae; 12, dorsal view. 





THE INTERNAL ANATOMY OF THE 


SPINY 


RAT MITE, ECHINOLAELAPS ECHIDNINUS 


(BERLESE)* ** 


Lou ANNE ROBERTS JAKEMAN 


Department of Biology, Texas Technological College, Lubbock 


Echinolaelaps echidninus (Berlese, 1887) is 
a gamasid mite (Mesostigmata, Laelaptidae) 
parasitic primarily on rats of the genus Rattus. 
Attention 
when it was discovered by Miller (1908) to be 


was first focused on EF. echidninus 
a vector of Hepatozoon muris, a haemogregarine 
which infects white rats. Clark (1958) suecess- 
fully used E. echidninus as an intermediate host 
for the study of sporogony in Hepatozoon 
griseisciuri, a protozoan parasite of squirrels. 
Echinolaelaps echidninus was suspected to be 
avector of murine typhus because of its abun- 
dance on the reservoir host and because its areal 
distribution coincides with that of the disease 
rather than the host. Experiments by a number 
of authors failed to implicate Echinolaelaps. 
The life history of 
was worked out by Owen (1956). 


“chinolaelaps echidninus 


The first major work on the internal anat- 
omy of the Mesostigmata was that of Winkler 
(1888) he 


termed Gamasus crassipes, G. fucorum, Uro- 


who worked primarily on mites 
poda obscura, and Hypoaspis nemorensis. A. D. 
Michael (1888) described the internal anatomy 
of Uropoda krameri. Michael later (1892) dis- 
cussed the variations of the reproductive sys- 
tems, especially in the females, of a number of 
the Gamasina. The species were determined by 
him to be Gamasus crassipes, Haemogamasus 
hirsutus, oribatoides, L. vacuna, L. 


Laelaps 


acuta, L. cuneifer, L. ligoniformis, and Holo- 
taspis montivagus. All but the first two are free- 
living forms and even the first two are only 
facultative parasites. Variations in the repro- 
ductive system of these species included shape 
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of the lyrate organ and presence or absence of 
the sacculus foemineus, ringed tubes, and cam- 
era spermatis; all of which were structures de- 
seribed for the first time in Michael’s paper. 
Michael also described the mode of coition in 
Gamasus terribillis, G. crassus, Laelaps cuneifer, 
and Haemogamasus hirsutus. 

Miller (1908) gave brief notes on the gen- 
eral anatomy of 
Museulature and mouthparts of LF. 
were described by Stanley (1931). 

The following works were found especially 
useful in interpretation of sectioned material : 
(1) Blauvelt’s paper (1944) on the internal 
morphology of the common red spider mite, 
Tetranychus telarius Linn., (2) the work of 
Douglas (1943) on the tick, Dermacentor ander- 
sont Stiles, and (3) the recent book by Hughes 
(1959), “Mites or the Acari,” which summar- 
izes information on the various suborders. 

A detailed study of the internal anatomy 
was considered worthwhile because it would con- 
tribute knowledge useful in future studies of 
this mite as a vector and would add to the fund 
of information which might eventually show 
the relationships between the gamasides. 

I wish to acknowledge the patient counsel- 
W. Strandt- 


Echinolaelaps echidninus. 


echidninus 


ing and encouragement of Dr. R. 
mann, under whose direction this investigation 


was done. 


MATERIALS AND METHODS 


Mites to be sectioned were fixed in hot Bouin’s 
solution or 70 percent ethyl alcohol, dehydrated in 
a series of butyl and ethyl alcohols, and embedded 
in paraffin. The method used was that of Gorirossi 
and Wharton (1953). Mites were oriented for em- 
bedding with the aid of a dissecting scope and 
micro-needle probes, 

Serial sections were cut at 6 to 10 microns and 
stained in Delafield’s hematoxylin and eosin. Other 
stains used were iron alum-hematoxylin, aniline 
blue and cosin, and Mallory’s triple. Transverse, 
sagittal, and frontal sections were made. 

Whole mounts for studying the tracheae and 
the digestive system were made with glycerine or 


9 
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glycerine jelly. The mounts for studying the di- 
gestive system were made after the mites had fed 
on blood, at which time the caeca were quite easily 
observed. Mouthparts and excretory system were 
studied in whole mounts and in sections. Repro- 


ductive and nervous systems were studied from 
serial seetions only. 
Observations on the internal anatomy were 


limited to the adult female. 


GROSS ANATOMY 
(Figs. 1, 27 to 35, 36 to 41) 


Echinolaelaps echidninus is ovalform, dorso- 
ventrally compressed, and measures approxi- 
mately 0.9 mm in length. The organ systems are 
located in a single body cavity which is con- 
tinuous with that of the legs and gnathosoma. 
Each system will later be discussed in detail. 

The most conspicuous structure in the body 
cavity of Echinolaelaps echidninus is the ecen- 
trally located ventriculus with its long lateral 
saeca. The ventriculus gives rise anteriorly to a 
thin esophagus which traverses the ventrally 
located brain mass to merge with the gnatho- 
somal pharynx. The mouth is the opening to the 
pharynx at the anterior end of the gnathosoma. 
Posteriorly the alimentary canal continues as a 
rectal tube to the rectum and anal opening. 
Large anterolateral salivary glands (fig. 13) 
connect by a duct with the salivary stylets of 
the gnathosoma. 

Two long opaque tubes, the excretory tu- 
bules, extend anteroposteriorly, lateral to the 
central chamber of the ventriculus and connect 
posteriorly with the rectum. 

The reproductive system is located in the 
opisthosoma between the posterior caeca and 
usually deflects the rectal tube to one side. A 
large mass of egg cells of varied size is found 
posterodorsally in the ovary, and anterior to 
this mass are seen the tube-like arms of the 
lyrate organ, which extend anteriorly to either 
side of the ventriculus. An elongated chamber 
called the sacculus is located between the lyrate 
arms and passes forward to one side of the ven- 
The oviduct is to the 
ovary and generally contains a developing em- 


triculus. found ventral 
bryo. The oviduct connects with the vagina 
which in turn opens ventrally at the genital 
aperture. 

Muscles inserting on the gnathosomal ring 
originate anteromedially on the dorsum of the 
mite. Just posterior to this is the origin of the 


cheliceral muscles. Muscles arising mediolater- 
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ally in the mid-region of the mite support a 
somewhat rigid plate, the episternite, which in 
turn affords attachment for muscles inserting 
on the coxae of legs III and IV. 


DIGESTIVE SYSTEM 
(Figs. 2, 5, 13, 42 to 46) 

The digestive system occupies a major por- 
tion of the body cavity and consists of a museu- 
lar pharynx, an esophagus, a ventriculus or 
mid-gut with three pairs of caeca, and a rectal 
tube connecting with the rectum (fig. 2). 


Pharyns 


The mouth opens into the thick-walled phar- 
ynx which is triangular in cross section with 
the apex ventral (fig. 27). The pharynx is sur- 
rounded by and attached to two sets of muscles. 
The 
along each pharyngeal wall and insert on the 


constrictor muscles extend transversely 
chitin of the wall at each corner of the triangle. 
The dilator muscles insert perpendicularly on 
each pharyngeal wall and have their origins 
dorsally on the internal cheliceral sheaths and 
on the chitin of the lateral gnathosomal walls 
and ventrally on the ventral wall of the hypo- 
pharynx. 
Esophagus 

The chitinous walls of the pharynx end pos- 
teriorly in the thin, apparently non-chitinous 
walls of the esophagus. The internal esophageal 
walls are folded longitudinally and small round 
nuclei can be seen, though no definite cell strue- 
ture could be determined. The esophagus passes 
posteriorly through the brain mass, then turns 
sharply upward to enter the ventriculus in a 
depression on the posteroventral side of its an- 
terior median chamber. A circular flap of tissue, 
the esophageal valve (fig. 42), prevents re-entry 
of food into the esophagus. Contraction aiding 
the flow of food material was seen in the latter 
part of the esophagus between the brain and 
the ventriculus. 

Ventriculus 

The ventriculus or mid-gut is composed of 
three central chambers plus three pairs of lat- 
eral diverticula (figs. 2, 5). 

The first median chamber of the ventriculus 
is generally bilobed anteriorly, though in a 
starved mite it may appear to be rounded. This 
chamber is small in comparison to the other 
parts of the ventriculus, and it narrows greatly 








JAKEMAN—INTERNAL ANATOMY OF SPINY RAT MITE 331 


as it passes posteriorly where it is bounded on 
either side by the suspensory muscles of the 
episternite and ventrally by the episternite it- 
self (fig. 31). Posterior to this area the ventric- 
ulus again broadens and gives rise to a pair of 
lateral branches, each of which divides to form 
one anterior and one posterior dorsal caecum. 
The ventriculus proper enlarges to form two 
sac-like chambers, one posterior and one ventral 
(fig. 5). Where the posterior and ventral cham- 
bers diverge, the ventriculus gives rise to a pair 
of posterior ventral caeca, and between these 
eaeca a thinner median tube originates, which is 
termed a rectal tube. 

The outer cells of the ventriculus are small, 
flattened, and stain lightly with hematoxylin; 
while the inner cells are large, irregularly 
columnar, and vacuolated (figs. 5, 46). Both cell 
layers have small round nuclei which stain a 
light blue. In many sections free cells were 
found in the lumen of the ventriculus, especially 
in the median anterior chamber. These are ap- 
parently proliferating cells supplying digestive 
juices as described in other mites. These cells at 
times contained scattered small dark spherules, 
which Hughes (1959) considered to be waste 
that eventually forms the balls of fecal material. 

Two pairs of dark staining bodies, irregu- 
larly oval in shape and approximately 50 mi- 
crons in length, are found within the digestive 
tract (figs. 33, 45). The first pair are always 
located dorsally, one to either side of the poste- 
rior median ventricular chamber along its dorsal 
wall, and the second pair laterally, one in each 
posterodorsal caecum about a third of the way 
back from its anterior margin. These structures 
contain tiny globules and have a dark staining 
area in the center which appears to be a nucleus 
with nucleolus. These globulose bodies attach to 
the walls of the digestive tube and extend out 
into the lumen at an angle to the ventricular 
wall. They are not mentioned in any of the lit- 
erature on mite or tick anatomy. Their function 
may be storage of food material or, more prob- 
ably, secretion of digestive juices. 


Rectal Tube 
The rectal tube is that portion of the mid- 
gut which leaves the posteroventral wall of the 
ventriculus and passes medially to the rectum. 
Winkler (1888) called this area the hind gut 
and Michael (1892) called it the colon. As it is 
probably a continuation of the ventriculus and 


not of proctodael origin, the term rectal tube 
used by Douglas (1943) seems more appropri- 
ate. In the female Echinolaelaps the rectal tube 
is usually deflected to one side or the other by 
the developing embryo. Two constrictions occur 
along this tube. The first appears mid-way be- 
tween the ventriculus and rectum, and the see- 
ond marks the anterior limits of the rectum 
where there is a definite rectal valve. The cells 
of the rectal tube become increasingly more 
compact posteriorly. 


Rectum 


The rectum is the posterior chamber of the 
alimentary canal and in E. echidninus is often 
distended greatly with accumulating waste ma- 
terial from the rectal tube or the excretory 
tubules. The epithelial cells of the non-distended 
rectum are elongated and compact (fig. 43) and 
stain more deeply than those of the ventriculus 
or rectal tube. The cuticle does not appear to 
line the entire rectum. The rectum empties 
through an opening in the anal plate, the anus, 
which is bounded laterally by tiny hinged plate- 
lets (fig. 44), which drop ventrally to form the 
opening. 

FAT CELLS 

Large polygonal fat cells, 14 microns in di- 
ameter, are found on the ventral floor of the an- 
terior body cavity. They extend anterior and 
posterior to the brain mass and are found along 
its posterodorsal surface. 


DISCUSSION 


The digestive system in Echinolaelaps echid- 
ninus corresponds to the normal mesostigmatid 
type with a small ventriculus and large lateral 
diverticula. Lack of a cuticular lining in the 
esophagus and rectum conformed to Hughes 
(1959) norm for the Mesostigmata, where these 
organs are considered by him to be formed 
from the mesenteron rather than the stomodaeum 
or proctodaeum respectively. The large globose 
glands, if they be such, were not mentioned in 
any of the previous literature on anatomy of the 
Mesostigmata. 

Stanley (1931) in his work on Echinolaelaps 
echidninus mentioned smooth muscle as occur- 
ring in the pharynx. No smooth muscle was seen 
by the present author. 

The ventriculus and rectal tube are said by 
Douglas (1943) to be surrounded by a fine net- 
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work of muscle fibers embedded in the walls of 
these organs, which give rise to the obvious 
peristaltic movements of the alimentary canal. 
Peristaltic movements were readily observed, 
but such muscle fibers were not found by the 
author, though they may be present. 


EXCRETORY ORGANS 
(Figs. 3 to 5, 12, 47) 

Excretory Tubules 
The main excretory system in E. echidninus 
consists of a pair of elongated or excretory 
tubules (fig. 3) which extend the length of the 
body. Posteriorly these empty into the rectum. 
Anteriorly these tubes extend into the coxae or 
trochanters of legs I according to the amount of 
From their anterior origin the 
back 
slightly ventral to the anterior caeca, pass under 
the anterior branch of the ventriculus, and turn 
dorsally beyond this branch (fig. 4). They then 
continue posteriorly along the dorsomedial sur- 


waste present. 


excretory tubules extend medial and 


face of the dorsal caeca. At the posterior margin 
of the body cavity the excretory tubules extend 
ventrally and then turn anteriorly along the 
floor of the body cavity to enter the rectum from 
either side at its anterior limit. This junction is 
guarded in each case by a flap of tissue which 
acts as a valve permitting material to pass only 
in the direction of the rectum. 

Movement of the excretory material along 
the tube and into the rectum is accomplished by 
the peristaltic movement of the walls of the 
tube. A thin outer layer or membrane appears to 
be present and either it or the cells themselves 
may be contractile in nature, giving rise to such 
motion. 

The cells of the excretory tubules (fig. 47) 
are large and irregularly oval in shape with 
well defined dark staining nuclei and nucleoli. 
When the tubules are distended with guanine 
these cells become broad and flat. The cireum- 
ference of the tube varies from three to five cells 
and is approximately 55 microns in diameter at 
its largest part when not distended with waste. 


Coxal Glands 


Coxal glands (fig. 12), which are considered 
by some to be the most primitive type of excre- 


tory organs in mites, are found in the body 
eavity of Echinolaelaps above and medial to the 
coxae of legs I. These glands consist of nine or 


more large elongated cells ranging from 40 to 
80 microns in length. These cells contain no 
spaces or vacuoles other than a small ventral 
lumen and empty through a chitinous valve into 
a duct connecting with a tubular atrium. The 
atrium opens on the ventral surface medial to 
coxa I, Only one pair of coxal glands is present 
in this mite. 
DISCUSSION 

The typical excretory system of the Meso- 
stigmata consists of one pair of exeretory tub- 
ules, as in E. echidninus, and one to four pairs 
of ecoxal glands (Baker and Wharton, 1952). 
Only one pair of coxal glands is present in EF. 
echidninus. 

Douglas (1943) that a 
muscle fibers embedded in the wall of the tubule 


states network of 
give rise to the peristaltic movements in the 
tick Dermacentor andersoni. No musele fibers 
were seen in the excretory tubules of E. echid- 
ninus. 

CIRCULATORY SYSTEM 


No true circulatory system exists in Echino- 
laelaps. The body cavity is continuous with that 
of the legs and other appendages, and thus the 
body fluids are apparently able to effect the 
transfer of food materials. Cireulation is evi- 
dently accomplished by constriction of the vari- 
ous body muscles. 

The body fluid contains ameboid cells which 
have been termed leucocytes by other authors. 
These cells contain granular cytoplasm and are 
large (around 14 microns in diameter), flattened, 
and irregular in shape in sectioned material. 
When the integument is broken and the plasma 
released from a live mite, these free cells be- 
come round, They stain darkly with hematoxylin 
and contain large well defined nuclei and nucle- 
oli. Leucoeytes are abundant in the spaces be- 
tween the caeca and just inside the integument 
(fig. 38), and they nearly encircle the tracheae 
at various points. These leucocytes have been 
considered to be phagocytic (Douglas, 1943). 

A primitive heart exists in some of the 
Mesostigmata, but is not present in Echinolae- 
laps echidninus. 


NERVOUS SYSTEM 
(Figs. 6, 15, 17, 19, 21 to 26) 
The nervous system of Echinolaelaps echid- 
ninus consists of a central nerve mass or brain 
giving rise to a number of nerve trunks which 
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branch to supply nerves to various body parts. 


Brain 


The brain is an elongated mass of nerve tis- 
sue averaging 0.19 mm in length and 0.15 mm in 
width. It is located anteroventrally in the body 
savity and consists of the usual deeply staining 
cortex cells surrounding the lightly staining 
central fibrous tissue or neuropile. The typical 
neurolemma or investment of the brain is also 
present and continues as a sheath along the 
nerve trunks. The fibrous tissue appears to be 
composed of numerous ganglionic areas more or 
less clearly defined by invaginations of the 
periferal cortex layer (fig. 21), and linked by 
various commissures (fig. 26). Each ganglionic 
area of the neuropile gives rise to a definite 
nerve trunk or trunks. 

The esophagus traverses the brain mass along 
its central axis (fig. 25), and its location there 
has been considered to mark the area of fusion 
of the brain or supraesophageal mass with a 
ventral lobe composed of the subesophageal mass 
plus the paired segmental ganglia. 


Nerves 


Many authors divide the nerves into two 
groups on the basis of their origin. The nerves 


1aving their origin i e supraesophageal mass 
having their origin in th praesophageal m 

leave the dorsal lobe and include the nerves of 
the gnathosoma as well as the dorsal nerves and 


those of the ventriculus. 

The nerves leaving the brain posteriorly or 
ventrally are considered to have their origin in 
the subesophageal mass or segmental ganglia 
and include the nerves of the legs and opistho- 
soma. 


Nerves of the Dorsal Lobe 


Two pairs of ganglia located anterodorsally 
in the brain and an additional median unpaired 
ganglion give rise to nerves serving gnathosomal 
components. The unpaired median pharyngeal 
nerve arises just above the esophagus and passes 
medially dorsal to the pharynx and pharyngeal 
constrictors. It probably serves the muscles of 
the epipharynx. 

The more ventral pair of anterior ganglia 
appears to give rise immediately outside the 
cortical layer to at least four pairs of nerves. 
It is possible that at least the dorsal nerves of 
this group arise from a separate ganglionic 


mass, but if this is true the limits of such a mass 
are not clearly defined. The largest of these 
four nerve pairs is the palpal nerve which 
continues anteriorly along the dorsolateral 
margin of the pharynx and after giving rise to 
numerous branches ends in the pedipalp. Ven- 
tral to the palpal nerve and just anterior to the 
brain a paired ventral pharyngeal nerve arises, 
which extends along the ventrolateral region of 
the pharynx and serves the hypopharyngeal 
region. Two other nerve pairs arise directly 
from these ganglia dorsally and ventrally. The 
first pair passes dorsally just anterior to the 
cheliceral nerves and turns anteriorly lateral to 
the internal cheliceral sheaths. They extend 
anteriorly beside the chelicera and evidently 
serve the extreme anterodorsal region of the 
mite. The ventral nerves, which are obscure in 
most sections, travel ventrally and medially to 
enter the tritosternum from either side. 

The anterodorsal ganglia give rise to the 
and 
apparently cross to enter the opposite chelicera, 


cheliceral nerves which pass dorsalward 
medially and just behind the posterior limits of 
their cheliceral sheaths. When the chelicerae are 
retracted these nerves are pulled backward also, 
as the cheliceral sheaths then extend farther into 
the body cavity. 

About mid-way back along the dorsolateral 
surface of the dorsal nerve mass arises another 
pair of nerves which evidently serve the muscles 
ring. A smaller paired 
ventricular nerve exists lateral to the esophagus 


of the gnathosomal 


and travels dorsally with this structure to the 
ventral surface of the ventriculus. 

A large vacuolated area (figs. 15, 16, 24) is 
found along each palpal nerve a short distance 
from its proximal end. This mass of tissue, 
which is about 20 microns thick, extends above 
and medial to the nerve itself. No explanation 
could be found for this other than the possibili- 
ties of glandular or ganglionic function. Hughes 
(1959) mentioned a paired anterior esophageal 
gland occurring in front of the supraesophageal 
ganglion. No duct or collecting tube could be 
seen. The two porose areas appear to be con- 
nected medially by a fine commissure (fig. 15) 
which in turn gives rise to two nerves, each 
halfway between the median line and the gang- 
lion. These nerves pass dorsally and then travel 
anteriorly, medial to the internal cheliceral 
sheaths. 
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Nerves of the Ventral Lobe 


The most ventral nerves are the pedal nerves 
serving the four pairs of legs. These arise on 
the ventrolateral surface of the brain and branch 
almost immediately to give rise to a dorsal nerve 
serving the body muscles which insert on the 
coxae and a ventral nerve which enters the coxae 
proper and serves the leg musculature. Gangli- 
onic masses giving rise to these nerves are 
clearly defined, and a ring-like commissure joins 
them medially. 

The brain mass compresses dorsoventrally 
toward the posterior end and gives rise to at 
least three pairs of splanchnic nerves (fig. 23) 
median to the pair serving legs IV. The splanch- 
nie ganglia in this area have limits which are 
somewhat vagne though at least two paired 
ganglia are evident. Of the three nerve pairs the 
first and smallest travels directly dorsalward 
while the second and largest travels at an angle 
posteriorly and dorsal, probably serving the 
dorsal area of the opisthosoma. The final small 
median pair travels posteriorly and laterally to 
serve most probably the ventral portion of the 


opisthosoma. 


Integumentary Nerves 
(1959) 


nerves as found in the prostigmata has been de- 


Hughes states that no network of 
seribed in the other groups. Abundant fine in- 
tegumentary nerves were seen in this mite sup- 
plying the various sensory setae, though these 
probably could not be described as a nerve “net- 
work.” 

Specialized Brain Cells 


Four or more large cells, unlike the normal 
cortex cells are found in the cortical layer of the 
brain posterior to the area where the esophagus 
exits. These cells have a granular cytoplasm and 
amount of 
chromatin material than regular cortex cells. 


a large nucleus with a greater 
The granular cells are about 10 microns in diam- 
eter as compared to the 2 to 4 micron diameter 
of cortex cells. A few similar cells are found in 
the cortex of the dorsal brain. Blauvelt (1944) 
mentions the occurrence of these cells. Their 


purpose is unknown. 


Sensory Setae 


Most of the body setae have only a short cen- 
tral core and are set in a circular depression or 
membrane. Attached to the inner surface of this 


membrane are cells which appear to be nerve 
cells. Other setae, noticeably those on the tarsi, 
are set in a raised base and have fine nerves 
supplied to the base area. Setae on the coxae 
and the empodial plates are hollow and contain 
protoplasmic extensions of nerve cells (fig. 20). 
Setal cells in the endopodal plates definitely 
connect each with a fine ventral nerve. Function 
of these setae is unknown. 


Special Sense Organs 


The epipharynx (fig. 17), or tongue-like 
structure, is supplied with two pairs of very fine 
nerves which terminate in four or more cells 
located on the ventral surface of the epipharynx. 
These cells are most likely chemoreceptors, pos- 
sibly providing some type of taste or olfactory 
sense. 

Three groups of small cells are found near 
19). 


These cells are possibly sensory in nature as they 


the base of the tectum mid-dorsally (fig. 


penetrate the integument and connect internally 
with a group of fine nerves. 


DISCUSSION 


The general elongated shape of the brain 
surrounding the esophagus is characteristic of 
gamasid mites (Michael, 1895). 

The boundaries between the supraesophageal 
and subesophageal ganglia in EF. echidninus are 
not at all clear, and one may question from 
which area some of the nerves arise. The poste- 
rior pair of dorsal nerves (ventricular nerves) 


arise lateral to the esophagus and could have 


their origin in either of the two masses. The 
cheliceral nerves exit quite obviously from the 
dorsal mass but their ganglionic roots extend 
ventrally at least to the level of the esophagus 
and perhaps below it. The pedipalpal nerves and 
lateral to the 
esophagus anteriorly, but their ganglionic roots 


those of the tritosternum exit 
extend upward and above the area of the esoph- 
agus though their origin may be subesophageal. 

The anterior esophageal nerve is evidently 
found only in the Mesostigmata (Hughes, 1959). 
The nerves to the tritosternum appeared in only 
one section and so are included with some hesi- 
tation. 

Baker and Wharton (1952) state that “in the 
embryonie and larval stages fusion of the gang- 
lia is not as complete as in the nymphs and 
adults.” This may be true for some mites. How- 
ever, embryos observed in E.. echidninus with the 
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brain sufficiently developed to be descernible, 
appeared to show the same degree of consolida- 
tion as the adult, with the esophagus penetrating 
and traversing the brain. 

The paired glands or vacuolated areas near 
the palpal nerves may or may not be compara- 
ble to those mentioned by Hughes (1959). As no 
duct could be found, an endocrine function is 
suggested. 

The probable sensory cells of the epipharynx 
and tectum were not described in any of the 
previous literature. 

RESPIRATORY SYSTEM 
(Figs. 7, 8, 10, 11) 


The external respiratory apparatus or stig- 
mal openings of Echinolaelaps echidninus are 
located ventrally, lateral to the posterior margin 
of the third pair of legs and surrounded each 
by a stigmal plate. The plate continues ante- 
riorly as a sclerotized groove, the peritreme, 
which extends along the ventrolateral margin of 
the body to the area of the lateral margin of 
This groove contains minute hairs or 
(fig. 11). The 
stigmal opening is guarded by similar though 


legs I. 


setules along its entire length 


larger setules. 
Atria 


Internally the stigmata open into the en- 
atria of 
From these chambers 
trunks. The 
ringed appearance of atria in other Acarina 
and tracheae in the inseets (fig. 10), indicating 
that it is probably formed by spiral threads or 


larged chambers or the respiratory 


system. arise the main 


tracheal atrium has the typical 


taenidia. The spiral structure can be seen to 
continue a short distance along some of the 
main trunks but is not visible in the smaller 


tracheae and tracheoles. 


Tracheae 


The large atrium gives rise to a number of 
tracheal trunks. There are two large trunks, one 
anterior and one posterior. The anterior is the 
larger and serves the gnathosoma, brain, and 
legs I and IT. The large posterior trunk branches 
to serve both the dorsal and ventral portion of 
the histerosoma. 

Other smaller trunks serve the dorsal region 
of the podosoma as well as legs IT, ITI, and IV. 
Each leg receives at least two tracheae, and 
except in the case of legs I these tracheae origi- 
nate from different tracheal trunks. 


The atria are connected by a _ transverse 
trachea along the mid-ventral floor of the body 
cavity. This is the only pair of tracheae which 
definitely anastomose. 

Tiny elongated nuclei lie along the tracheae 
just outside the cuticular intima. These are evi- 
dently nuclei of the surrounding epithelial cells 
though cell structure could not be determined. 


DISCUSSION 

The presence of a pair of lateral stigmata 
with sinuate peritremes is characteristic of the 
Mesostigmata. Location of the stigmal openings 
posterior to legs III is characteristic of the 
gamasides. 

Baker and Wharton (1952) that 
the peritreme is a tube-like structure. Hughes 
(1959) states that “the air reaches the spiracle 
through a peritrematal canal or groove.” In E, 


indicate 


echidninus the peritreme is denitely an open 
groove, and as the stigmata themselves open 
directly to the outside, it is very doubtful that 
air travels through the canal to reach the stigmal 
opening. The function of the peritreme is there- 
fore unknown. Hughes does not mention the 
tiny setules which line the peritremal groove and 
guard the opening to the stigmata. 

The transverse ventral trachea connecting 
the atria is evidently present in other Mesostig- 
mata as Hughes states that “there may be a 
direct cross-connection between the two main 
trunks.” 

REPRODUCTIVE SYSTEM 
(Figs. 9, 14, 18, 36 to 41) 

The reproductive system is to this author the 

most puzzling of the systems in this mite. It con- 


sists of an ovary extending anteriorly as the 


lyrate organ; an oviduct; a vagina; and a vag- 


inal orifice. A number of other organs should 
be mentioned here, though their function is dis- 
salled 


ringed tubes or tubuli annulati; the chamber or 


puted. These include a pair of tubes 


sacculus foemineus which receives them; and 
the final chamber in this group, the cornu sac- 


euli, which communicates with the ovary. 


Ovary 


The ovary, located in the posterior portion 
of the opisthosoma, often extends from the 
floor of the body cavity to the dorsal surface. It 
consists of a globular mass, primarily composed 


of a number of ova in varying stages of develop- 
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ment, and a central hollow organ, the camera 
spermatis, which with its tube-like ramifications 
is called the lyrate organ. 

The posterior or globular portion of the 
ovary usually contains a large ovum with yolk 
segmentation, two or three other large ova 
without yolk cells, and a number of small ova 
not exceeding 10 microns diameter. The camera 
spermatis, a hollow chamber with irregular 
peripheral cells, lies near the center of this egg 
mass. Anteriorly the camera spermatis gives rise 
to a pair of tubular arms (figs. 9, 36) contain- 
ing dark staining, polygonal cells 10 microns in 
diameter with large nuclei and dark nucleoli. 
The cells of this tubular organ are closely packed 
in the distal ends of the tubes but become loosely 
packed in the area anterior to the camera 
spermatis and form a hollow tube just prior to 
merging with that chamber. The arms plus base 
were termed the lyriform portion of the ovary 
by Michael (1892). 


lyrate organ. Michael speculated that the organ 


He shortened the term to 


pught be either vitelligenous or germiniferous 
in function and considered the latter more prob- 
able. 


Oviduct 


The chamber in which the embryo develops 
is adjacent to the ovary and must communicate 
with it in some manner, either directly or by 
means of a tube. It is possible that such a tube 
exists, but it is not evident in any of the sections. 
The term oviduct is used here for the chamber 
in which the embryo develops (see discussion) 


plus any tube entering from the ovary. The see 


tions always contained a developing embryo 
(fig. 39), probably due to the fact that only 
fully mature adult females were sectioned. At 


such times the large oviduct was located postero- 
ventrally and was generally deflected to one side 
or the other. The distended walls of this cham- 
ber were thin and no definite cell structure could 
be determined, but elongated nuclei were pres- 
ent. Anteriorly the chamber continued into the 
vagina. 


Vagina 


The vagina into which the oviduct enters is 
located on the floor of the body cavity median 
to legs IV. It is a wide, low channel with thick, 
folded walls. A pair of simple tubular glands 
(fig. 14) found anterolateral to this chamber, 
empty into the vaginal vestibule. These glands 
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probably produce a mucoid material which aids 
in the passage of the fully developed larva. 

No sperm or sperm mother cells were seen in 
this or the previous chamber in any of the 
sections. 


Vaginal Orifice 


The transverse slit median to legs III which 
opens to the vagina is guarded by the poste- 
riorly hinged epigenital plate. This plate ap- 
pears to be folded when viewed in whole mounts. 
However, when seen in cross section one dis- 
covers that the plate is invaginated by narrow 
channels which, alternating with thick bars of 
chitin give the appearance of folding (fig. 18). 
These alternating hollow and solid sections may 
function to add strength to the plate itself, 
while the more elastic cuticle to either side of 
this plate must allow distension necessary for 
emergence of the larva. 

Ringed Tubes and Sacculus 

The most interesting and controversial strue- 
tures in the reproductive system are the ringed 
(Michael, 1892). The 


ringed tubes arise at the posterior base of the 


tubes and the sacculus 
coxae of legs III and travel dorsally and then 
posteriorly, medial to the arms of the lyrate 
organ where they enter the short rami to either 
Michael 


other gamasides. 


termed the 
The 


walls of the sacculus are thin and transparent. 


side of a chamber which 


sacculus foemineus in 
Cell shape could not be determined though small 
round nuclei containing dark peripheral nucleoli 
were visible. This chamber was observed only 
when filled with elements which take the same 
stain as the material in the testes of the male 


(fig. 37), and which may well be the sperm 
mother cells deseribed by Michael in the sacculus 
of his specimens. The sacculus passes poste- 
riorly, narrowing to a small tube near the an- 
terior limit of the lyrate base where it passes 
posteriorly above the lyrate organ and then 
ventrally to one side of the camera spermatis 
(fig. 41). It there communicates with a chamber, 
ventral to the ovary, which also invariably con- 
tained sperm-like material (fig. 40) and which 
must be the cornu saceuli of Michael’s deserip- 
tion. The cornu saceuli opens into the camera 
spermatis of the ovary. 

A chamber with relatively thick, greatly 
folded walls lies just anterior and dorsal to the 
ovary. This chamber was always empty and its 
only visible connection was with the ovary. No 
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name or function for this chamber could be de- 
termined. 
DISCUSSION 

The unpaired median oviduct leading to the 
vagina is typical of the gamasides as is the 
presence of the sacculus, ringed tubes, and 
lyrate organ described by Michael (1892). All 
of the organs described by Michael are present 
in E. echidninus, though none conform exactly 
to Michael’s descriptions. The sacculus and 
lyrate arms appear longer and narrower than 
those in Michael’s drawings. Cells of the lyrate 
organ in E. echidninus, measure 10 microns in 
diameter as compared with the 30 micron di- 
ameter in Michael’s species. 

In no section was any ringed appearance of 
discernible, nor did they 
Mi- 


were ob- 


the tubuli annulati 


appear to have two coats or tunies as in 


chael’s description, although they 
viously hollow and possibly open at one or both 
ends. 

The term “oviduct” as used in the previous 
Michael (1892) 
found a tube communicating with the ovary 


held 


the developing embryo. He used the term ovi- 


description is questionable. 


and continuous with the chamber which 
duct for both as there was no distinguishing dif- 
ference in cell structure. Subsequent authors 
have used the term oviduct for the part of the 
tube leaving the ovary and uterus for the see- 
tion which expands to hold the developing em- 
bryo. If this terminology is followed, the ovi- 
ducal chamber in F. echidninus is the uterus and 
no true oviduct is found. 

The question arises as put forth by Michael 
(1892) of whether the sperm mother cells reach 
the saceulus by way of the opening which may 
be present posterior to the coxae of iegs III, or 
whether they make their way from the vagina, 
through the oviduct and the ovary to the cornu 
saceuli and thence to the sacculus. Though sperm 
mother cells were always observed in the cornu 
and in the sacculus, at no time were they ob- 
served in the vagina or oviduct. It could not be 
determined by observation of copulation whether 
the chelicerae of the male were inserted into the 
vaginal orifice or more to the side to the location 
of the ringed tubes. As copulation evidently 
takes place only immediately after molting of 
the female and as the ringed tubes would proba- 
bly be more easily distended at this time, the en- 
try of sperm into these structures rather than 
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the vagina seems to be possible though the other 
explanation would be more plausible. It is pos- 
sible that a direct connection exists between the 
vagina and saceulus, but there was no indication 
of this. 

MODE OF COITION 


Coition was watched in an attempt to deter- 
mine the area of insertion of sperm elements 
This 


solve the unanswered question of purpose of 


into the female, would be necessary to 
ringed tubes and method by which sperm ele- 
ments arrive in the sacculus. 

Males were at times observed attached to 
walking deutonymphal females. The male would 
place legs I and often II on the dorsum of the 
female and thus hold to the female as she moved 
about. Males which climbed over the backs of 
adult females or younger nymphs did not re- 
main there, while those attached to the deuto- 
nymph which was approaching eecdysis would 
remain attached even when picked up with an 
aspirator and dropped in a plastic dish for 
observation. At times a second male would ap- 
proach, touch his mouthparts and tarsi I to 
the sides of the female, then try to dislodge the 
already present make. The first male had the 
advantage but was sometimes pushed off the 
female. At other times the second male would 
mount the back of the first, and all three would 
travel around the observation dish. 

After moving about for varying lengths of 
time the female became quiescent and stretched 
her gnathosoma anteriorly so that it was fully 
extended and touched the substrate. At some 
time prior to this a slit appeared in the integu- 
ment in the area of the peritreme. Exactly when 
this slit appeared is not known. The female 
began to strtech one at a time the legs on one 
side of the body and then the other until all legs 
had been loosened (or removed) from the integ- 
ument. The then 


trally and anteriorly the ventral exuviae and in 


female pushed away ven- 
doing this either turned herself over or was 
turned by the male. The male did not wait for 
the molt skin to be shed but slipped in under it 
as it was being removed. He was aligned in the 
same direction as the female but above and 
slightly posterior to her, thus having the chelic- 
era in the area anterior to the genital aperture. 


If a spermatic capsule was blown at this 


moment (as it probably was, judging from Mi- 


chael’s deseription of coition in other laelaptid 
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mites) it was not observed. The chelicerae of 


the male were obviously extruded and folded 
be determined if 


backwards, but it could not 


they entered an opening or where they entered. 


The male showed a rocking movement at 
this time. This lasted for only a few seconds 
after which the male abandoned the female. He 
was not seen to climb onto or attach to any 
females or nymphs encountered in the next 30 
(1953) 


work on Ophionyssus natricis that the male of 


minutes or more, Camin states in his 
this species will repeat the performance with 
other females with which he comes in contact. 

If the female has not shed the molt skin by 
the end of the 
mounted by another male. 


first copulation she may be 
DISCUSSION 


Michael 
ber of gamasid mites and stated that in 


(1892) deseribed coition in a num- 
ach 
case the male slipped ventrally under the female. 
A spermatic capsule then began to form at the 
male genital opening and was transferred to 
the female by means of the chelicera. Camin 
(1953) recorded similar observations of Ophi- 
onyssus natricis. The male Echinolaelaps echid- 
ninus always retains a dorsal position during 
copulation and no spermatic capsule was ob- 
served though it was probably formed. 
Observation indicates that in E. echidninus 
mating takes place only at the time when the 
female molts from the deutonymphal stage to 
the adult. This evidently is not so in the species 


described by Michael and Camin. 


SUMMARY 
1. The 


echidninus consists primarily of a small ventriec- 


AND CONCLUSIONS 


digestive system of Echinolaelaps 
ulus with its three pairs of tube-like caeea. 

2. Two pairs of globose cells or glands, not 
previously deseribed, are found in the alimen- 
tary canal. 

3. The paired excretory tubules extend the 
length of the body and empty into the hind gut 
or rectum. 

4. One pair of coxal glands is found above 
and median to the coxae of legs I. 

5. No true circulatory system exists in E. 
echidninus; there is no heart as found in some 
of the other Mesostigmata. 

6. The nervous system consists of a central 
brain mass surrounding the esophagus and 
paired nerves serving the various body parts. 


A single median nerve serves the epipharynx. 

7. A vacuolated area found medial to the 
palpal nerves is described. This structure is 
possibly glandular in function. 

8. Cells which are probably sensory in na- 
ture occur in the epipharynx and tectum. 

9. The respiratory system consists of paired 
stigmal openings posterior to legs III, atrial 
chambers, and tracheae going to all parts of 
the body. 

10. The reproductive system contains a glob- 
ular ovary, oviduct, and vagina as well as strue- 
tures found only in gamasid mites ineluding 
lyrate organ, sacculus foemineus, and ringed 
tubes. Paired vaginal glands are present. 

11. Coition was described from three obser- 
The 


slips under the exuviae of the female at the 


vations. male turns the female over and 


moment of molting. 
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EXPLANATION OF PLATES 


Abbreviations used: AC, anterior caecum; ADN, anterior dorsal nerve; AIC, alimentary 
canal; An, anus; At, atrium; AV, anterior chamber of the ventriculus; Br, brain; Ch, chelicera; 
CmS, camera spermatis; CN, cheliceral nerve; CRM, cheliceral retractor muscles; CS, cornu 
sacculi; DN, dorsal nerve; DP, dilator muscles of pharynx; E, episternite; EM, epipharyngeal 
muscles; Emb, embryo; Epg, epigynum; Eph, epipharynx; EV, esophageal valve; Gl, gland; 
G III, ganglion of leg II1; G IV, ganglion of leg IV; GC, cheliceral ganglion; GM, gnatho 
somal muscles; Gn, gnathosoma; H, hypopharynx; L, labrum; L I, leg I; L II, leg IT; L III, 
leg III; L IV, leg IV; Leu, leucocytes; LO, lyrate organ; M, mouth; MV, excretory tubules; 
N, nerve; N I, nerve to leg I; N II, nerve to leg II; N III, nerve to leg III; N IV, nerve to 
leg IV; Nu, nucleus; NT, nerve to tritosternum; O, ovary; Oes, esophagus; Od, oviduct; Ov, 
ovum; OvS, ovum with yolk segmentation; P, peritreme; PCM, pharyngeal constrictor muscles; 
PDC, posterior dorsal caecum; PE, protoplasmie extension of nerve cell; Ph, pharynx; Ph, 
pharyngeal commissure; PhN, pharyngeal nerve; PN, palpal nerve; PV, posterior chamber of 
the ventriculus; PVC, posterior ventral caecum; R, rectal tube; RC, ring commissure; Ree, 
rectum; RT, ringed tubes; 8, stigmal opening; Sa, sacculus; SC, sensory cells; SD, salivary 
duct; Set, setules; SG, salivary gland; SM, sperm mother cells; SN I, splanchnic nerve I; SN 
II, splanchnic nerve Il; SN III, splanchnic nerve III; SN IV, splanchnic nerve IV; SP, stig 
mal plate; Tec, tectum; T, tritosternum; Tr, tracheae; TrC, tracheal cells; V, ventriculus; Va, 
vagina; VC, ventral chamber of ventriculus; VN, ventricular nerve; VO, vaginal orifice; 
VPhN, ventral pharyngeal nerve, and Y, yolk. 
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Figure 1, Median sagittal section of Echinolaelaps echidninus. Rectal tube and repro 
ductive system have been deflected to one side by embryo. 
FigurE 2. Dorsal view of digestive system of Echinolaelaps echidninus. 
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FIGURES 3 AND 4. Exeretory system and its location in relation to the digestive system. 
Figure 5. Cell structure of excretory and digestive systems. 
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Figure 6. Brain and nerve trunks. (Drawn from frontal, sagittal and transverse sections ). 
Figure 7. Dorsal tracheae. 


Fievure 8. Dorsal view of atrium and ventral tracheae. 
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Fictre 9. Dorsal view of the reproductive system. 
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Atrium showing spiral ridges or taenidia. 
Stigmal plate and stigmal orifice. 
Sagittal section through coxal gland. 
Frontal section of salivary gland and duct. 
Sagittal section through vagina and vaginal gland. 
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Figure 15. Transverse section showing pharyngeal commissure and glandular or gangli- 
onie structure. 

FIGURE 16. Sagittal section of same glandular area. 

FicurE 17. Frontal section of epipharynx showing sensory cells. 

FieurE 18. Epigynum. 

Figure 19. Cross section of tectum showing sensory cells. 

Figure 20. Seta on endopodal plate containing protoplasmic extension, 
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FIGURES 21 to 25. Series of longitudinal sections of brain. 
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Pedal ganglia I-III. 

Splanchnic nerves. 

Exit of cheliceral nerve. 

Gland anterior to brain. 

Esophagus through center of brain mass. 

Frontal section showing ganglionic roots of pedal and cheliceral nerves and 


ring commissure joining pedal ganglia. 
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FIGURE 27. Transverse section through gnathosoma. 
FIGURES 28 to 35. Series of transverse sections showing the major organs. 
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FIGURES 36 AND 37. Median sagittal sections showing the reproductive organs of the 
mite. 

FigURE 38. Frontal section through brain and posterior ventral caeca. 

Figures 39 to 41. Lateral sagittal sections showing excretory tubules, oviduct witl 
embryo, and various reproductive organs. 
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Figure 42. Frontal section through esophageal valve. 

FIGURE 43. Sagittal section through rectum showing elongated epithelial cells. 

Figure 44. Transverse section through rectum and anus. 

Figure 45. Transverse section through dorsally located digestive glands. 

FIGURE 46. Sagittal section through posterodorsal digestive caecum showing irregular 
shape of cells. 

FicurRE 47. Sagittal section through excretory tubules to show cell structure. 








THE JOURNAL OF PARASITOLOGY 











WARD'S BUYS PARASITOLOGICAL SPECIMENS! 


Ward’s Natural Science Establishment is constantly in need of a wide 
variety of parasitic organisms for the preparation of microscope slides. We 
would like very much to hear from any workers in the field of parasitology 
who can offer specimen material for sale, properly fixed and preserved for 
microtechnique. Currently we are particularly interested in obtaining the 
following: 

Ancylostoma braziliense, in FAAG or formalin 

Ancylostoma duodenale, rhabditiform, in FAAG or formalin 

Ancylostoma duodenale, filariform, in FAAG or formalin 

Ancylostoma duodenale, females, in FAAG or formalin 

Echinococcus granulosus, adults, in FAAG or formalin 

Eimeria perforans in rabbit intestine, in formalin 

Necator americanus, adult males and females, in FAAG or formalin 

Sarcoptes scabiet, in 70 percent alcohol 

Taenia pisiformis, adults and scolices, relaxed in tapwater, preserved in FAAG 

We hope that anyone who can supply the above, or any other parasito- 
logical material, will write to the 


PURCHASING DEPARTMENT 
WARD’S NATURAL SCIENCE ESTABLISHMENT, INC. 
P.O. Box 1712 — Rochester 3, New York 














WESTERN AUSTRALIA STATE PUBLIC SERVICE 
DEPARTMENT OF AGRICULTURE 


SENIOR VETERINARY PARASITOLOGIST (Permanent) 


Salary Range: £A2,403-£A2,577 (gross) per annum on current basic wage accord- 
ing to qualifications and experience. 

Qualifications: Recognized degree in Veterinary Seience, Zoology, or related field 
with considerable post graduate experience in veterinary parasitology. Qualifications in 
statistical methods an advantage. 

Duties: Responsible for setting up of epidemiology and drenching trials; coordina- 
tion of laboratory work with field studies; direction of parasitology research; analysis of 
data and preparation of reports; and, under direction of Chief Veterinary Pathologist, 
cooperation in parasitological aspects of all conditions affect the health and wellbeing of 
livestock in Western Australia. 

Transport: Reasonable amount allowed for transport of appointee and dependent 
family to Western Australia provided bond entered into to serve State for period of 
3 vears. 

Conditions of Service: Superannuation benefits, three months’ long service leave 
after 7 years’ continuous service, cumulative sick leave entitlements, and other gen- 
eral conditions applicable to permanent public servants. 

Closing Date of Applications: May 31, 1961. Applications stating age, qualifications, 
and experience should be addressed to 


Public Service Commissioner 
184 St. George’s Terrace 
PERTH, Western Australia 
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